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EXECUTIVE  SUMMARY 


SERUM  DIOXIN  ANALYSIS  OF  THE  1987  AIR  FORCE 
HEALTH  STUDY  EXAMINATIONS 

This  publication  is  the  fourth  morbidity  report  resulting  from  the  Air  Force  Health  Study 
(AFHS),  an  epidemiologic  investigation  of  the  possible  associatxn  between  occupational 
exposure  to  Herbicide  Orange  (and  its  dioxin  contaminant)  and  adverse  health  experienced 
by  Air  Force  personnel  who  served  in  Operation  Ranch  Hand  units  in  Viemam  from  1962  to 
1971.  A  Comparison  group  was  formed  from  Air  Force  veterans  who  flew  or  maintained 
C-130  aircraft  in  Southeast  Asia  during  the  same  time  period.  The  1982  Baseline 
examinadon,  summarized  in  the  first  report,  was  followed  by  addidonal  studies  in  1985  and 
1987.  Additional  evaluations  are  planned  for  1992, 1997,  and  2(X11 


The  19  chapters  of  this  report  present  conclusions  drawn  from  statistical  analyses  of 
approximately  300  health-related  endpoints  in  12  clinical  areas:  general  health,  malignancy, 
neurology,  psychology,  gastrointestinal,  dermatology,  cardiovascular,  hematology,  renal, 
endocrine,  immunology,  and  pulmonary.  The  analyses  focused  on  dioxin  measurements  in 
scrum  collected  from  1,670  panicipants  as  pan  of  the  1987  examination. 

This  repon  summarizes  the  first  large-scale  study  of  dose-response  effects  based  on 
an  accurate  measurement  of  current  dioxin  levels.  This  investigation  is  an  important 
enhancement  of  the  AFHS  and  supplements  previous  AFHS  rcpwis,  which  focused  on  group 
contrasts  between  exposed  (Ranch  Hand)  and  unexposed  (Con^soison)  cohorts. 

Three  statistical  models  were  used  to  evaluate  associations  between  the  health  of 
study  participants  and  their  scrum  dioxin  levels: 


•  Model  1:  Estimated  initial  dioxin  levels,  using  Ranch  Hand  participants  only 

•  Model  2;  Current  serum  dioxin  levels  and  time  since  military  service  in  Viemam, 

using  Ranch  Hand  participants  only 


•  Model  3;  Categories  of  current  dioxin  levels,  using  both  Ranch  Hand  and 
Comparison  participants. 


Analyses  based  on  model  1  depend  directly  on  first-order  kinetics  and  a  constant  dioxin 
decay  rate,  while  those  based  on  model  2  assume  nothing  about  dioxin  elimination  other  than 
that  Ranch  Hands  were  cxpxjscd  in  Vietnam  and  that  their  body  burdens  have  decreased  in 
an  unspecified  manner  over  time.  All  health  data  were  analyzed  using  both  of  these  models 
to  reduce  the  likelihood  that  an  effect  would  be  missed  because  of  incorrect  assumptions 
regarding  dioxin  elimination.  Models  1  and  2  were  implemented  under  two  assumptions — 
minimal  and  maximal.  The  minimal  assumption  included  only  Raix±  Hands  with  current 
dioxin  levels  above  10  parts  per  trillion  (ppt)  (n=521);  the  maximal  assumption  expanded  the 
analysis  to  include  all  Ranch  Hands  with  current  dioxin  levels  above  5  ppt  (n=742). 


-  In  addition,  model  3,  using  both  Ranch  Hands  and  Comparisons,  assessed  the  health 
consequences  of  cuirent  dioxin  levels  above  background.  This  assessment  required  no 
assumptions  about  when  or  how  increased  dioxin  body  burdens  were  attained. 

Statistical  analyses  were  often  applied  to  clinical  endpoints  in  continuous  (i.e.,  original 
measurement)  and  discrete  (i.e.,  measurements  grouped  into  categories  based  on  abnormal 
levels)  forms.  Analyses  were  also  perfonred  to  account  for  the  effects  that  demographic  and 
personal  characteristics  may  have  on  the  clinical  measurements.  Such  analyses  are  termed 
“adjusted  analyses.” 

The  general  health  assessment  found  that  higher  levels  of  body  fat  and  the  erythrocyte 
sedimentadon  rate  were  significantly  related  to  both  the  initial  and  current  serum  levels  of 
dioxin.  The  findings  for  body  fat  are  consistent  with  the  associadon  between  dioxin  and 
diabetes  mellitus  in  the  endocrine  assessment  and  lipids  in  the  gastrointestinal  assessment. 
The  sedimentadon  rate  findings  raise  the  possibility  that  a  subde,  chronic  inflammatory 
response  may  be  related  to  higher  levels  of  dioxin  exposure. 

The  malignancy  assessment  determined  that  serum  dioxin  levels  were  not  significantly 
associated  with  the  incidence  of  skin  neoplasms,  except  for  an  increase  of  basal  cell 
carcinoma  on  sites  other  than  the  ear,  face,  head,  or  neck  in  Ranch  Hand  enlisted  flyers. 
However,  these  results  may  be  the  result  of  a  multiple-te.sting  artifact,  because  they  were 
not  noted  for  the  enlisted  groundcrew  who,  as  a  group,  had  higher  levels  of  serum  dioxin  than 
the  enlisted  flyers.  Previous  AFHS  reports  showed  that  die  Ranch  Hand  group  had  a 
significandy  increased  risk  of  basal  cell  carcinoma  relative  to  the  Gimparison  group;  however, 
the  skin  neoplasm  findings  in  this  report  did  not  support  a  positive  dose-response 
relationship.  The  serum  dioxin  analyses  detected  significantly  increased  risks  of  benign,  bat 
not  malignant,  systemic  neoplasms  (approximately  75%  of  the  benign  neoplasms  in  Ranch 
Hands  and  70%  in  Comparisons  were  lipomas).  There  was  one  verified  case  of  non- 
Hodgkin’s  lymphoma  in  a  Ranch  Hand  at  the  1987  cxamiiiation. 


The  neurological  analyses  revealed  no  consistent  evidence  to  indicate  that  dioxin  was 
associated  with  ncurologictil  disease.  The  adjusted  analyses  for  the  verified  neurological 
disorders  were  not  significant.  Dioxin  was  found  to  be  significantly  associated  with 
coordination  and  a  central  nervous  system  index,  but  cranial  nerve  function  and  peripheral 
nerve  status  were  not  associated  with  dioxin. 


Higher  scrum  dioxin  levels  were  unrelated  to  verified  psychological  and  reported  sleep 
disorders.  Results  of  the  two  clinical  psychological  tests  (the  Symptom  Check  List-90- 
Revised  [SCL-90-R]  and  the  Millon  Clinical  Multiaxial  Inventory  [MCMI])  were 
inconsistent  Most  of  the  adjusted  results  for  the  SCL-90-R  variables  were  not  significant. 
Many  of  the  adjusted  MCMI  results  were  significant,  but  substantial  overlap  and  correlation 
between  test  scales  of  the  MCMI  limit  the  clinical  importance  of  these  statistical  differences. 


The  scrum  dioxin  levels  showed  no  association  with  verified  liver  diseases.  However, 
the  laboratory  results  showed  a  consistent  pattern  suggestive  of  a  subclinical  effect  on  lipid 
metabolism,  possibly  related  to  the  positive  association  between  dioxin  and  body  fat 
observed  in  the  general  health  a:..cssmcnt. 


Dermatologic  endpoints  were  not  consistently  associated  with  dioxin  concentrations. 
For  Ranch  Hands  with  a  later  tour  of  duty  in  Vietnam  (time  since  tour<18.6  years),  th.nr 
were  significant  or  marginally  significant  positive  associations  between  current  levels  of 
dioxin  and  post-Southeast  Asia  acne  and  several  of  the  other  acne-related  physical 
examination  variables.  However,  the  corresponding  adjusted  relative  risks  for  Ranch  Hands 
with  an  early  tour  (time  since  tour>18.6  years)  were  not  significant  or  were  significantly  less 
than  1. 

The  cardiovascular  finriings  offered  no  consistent  evidence  of  an  adverse  dioxin  effect 
among  nondiabctics.  There  was  a  significantly  increased  risk  of  essential  hypenension  for 
Ranch  Hands  in  the  high  CJorrent  dioxin  category  (>33.3  ppt)  relative  to  Comparisons  in  the 
background  category  (<10  ppt)  when  the  effect  of  body  fat  was  not  considered.  By  contrast, 
the  analyses  of  verified  heart  disease  (excluding  essential  hypertension)  found  that  the 
adjusted  relative  risk  was  significantly  less  than  1  for  Ranch  Hands  in  the  high  current  dioxin 
category.  The  analyses  of  systolic  blood  pressure  and  diastolic  blood  pressure  in  their 
continuous  forms  found  that  the  adjusted  mean  level  for  both  variables  was  significantly 
higher  for  Ranch  Hands  in  the  high  current  dioxin  category  relative  to  Comparisons  in  the 
background  category  when  the  effect  of  body  fat  was  not  considered.  However,  the 
corresponding  analyses  of  the  percentage  of  participants  with  abnormally  high  systolic  or 
diastolic  blood  pressures  did  not  show  an  association  with  dioxin.  Tne  assessment  of 
peripheral  vascular  function  found  significant  associations  between  dioxin  and  decreases  in 
the  peripheral  pulses. 

The  hematologic  results  revealed  no  evidence  that  oven  hematopoietic  toxicity  was 
related  to  dioxin  exposure.  The  white  blood  cell  count  revealed  statistically  significant 
associations  consistent  with  a  positive  dose-response  effect  in  all  three  models;  consistently 
significant  results  were  not  found  for  the  other  variables.  A  significant  increased  risk  of  an 
elevated  platelet  count  was  found  for  Ranch  Hands  in  the  high  current  dioxin  category  relative 
to  the  Comparisons  in  the  background  category.  These  findings  suggest  the  presence  of 
iow-ievel,  cnronic  mrlaramatory  response  related  to  higher  levels  of  dioxin  exposure. 

The  analyses  did  not  indicate  any  relationship  between  renal  health  and  dioxin.  Under 
the  maximal  assumption  (but  not  the  minimal),  the  initial  dioxin  analyses  found  a  significantly 
increased  risk  of  urinary  occult  blood  cells,  but  results  were  not  significant  for  the  other 
models.  Statistically  significant  results  were  not  noted  for  the  other  variables. 

The  endocrine  assessment  established  a  strong  positive  association  between  glucose 
intolerance  and  dioxin,  but  concluding  that  dioxin  directly  causes  diabetes  would  be 
premature.  The  initial  and  current  levels  of  serum  dioxin  botii  were  associated  significantly 
with  an  increased  incidence  of  diabetes.  Significant  positive  associations  also  were  noted  for 
the  analyses  of  fasting  glucose  and  2-hour  posrprandial  glucose.  These  findings  may  be 
related  to  the  association  between  dioxin  and  lody  fat  observed  in  the  general  health 
assessment  The  basis  of  these  relationships  will  be  investigated  during  subsequent  phases 
of  this  study. 

Assessment  of  testicular  size  as  evaluated  at  the  physical  examination  revealed 
significant  positive  associations  in  all  three  models  between  serum  dioxin  and  decreased 
size.  The  scrum  dioxin  analyses  did  not  reveal  a  significant  association  witfi  abnormally  low 
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levels  of  serum  testosterone,  but  the  analyses  found  a  significant  negative  correlation  with 
testosterone  when  the  effect  of  body  fat  was  not  considered.  The  clinical  meaning  of  these 
findings  is  unclear.  The  results  for  thyroid  stimulating  hormone  and  T3  %  uptake  treated  as 
continuous  variables  were  consistent  with  subclinical  decreases  in  thyroid  function  related  to 
dioxin  exposure.  However,  the  corresponding  analyses  on  the  percentage  of  participants  with 
abnormally  high  levels  for  these  variables  did  not  show  an  association  with  dioxin. 

The  immunologic  assessment  did  not  find  any  clinically  significant  al'erations  related  to 
the  current  or  initial  levels  of  serum  dioxin.  An  evduation  of  immunoglobuiins  found  a 
significant  association  between  initial  dioxin  level  and  increased  IgA  levels,  consistent  with  a 
subtle  inflammatory  response.  The  analyses  of  the  other  immunoglobulins  (IgG  and  IgM)  did 
not  indicate  the  presence  of  any  dioxin-related  effects.  Analyses  for  the  other  laboratory 
variables  reveal^  several  statistically  significant  findings,  but  they  either  were  internally 
inconsistent  or  were  not  in  a  direction  expected  in  an  impaired  immune  system.  Serum  dioxin 
was  not  significantly  associated  with  delayed  hypersensitivity  skin-test  response.  The 
previous  report  of  the  1987  examination  data  had  showed  that  significantly  more  Ranch 
Hands  had  possibly  abnormal  skin-test  reactions  than  Comparisons.  These  new  analyses 
suggest  that  the  previously  noted  group  difference  may  not  be  related  to  dioxin. 

Analyses  of  the  pulmonary  disease  history  found  no  evidence  of  a  dioxin  relationship  for 
the  five  respiratory  illnesses  studied.  However,  based  on  physical  examination  results,  the 
risk  of  thorax  and  lung  abnormalities  for  Ranch  Hands  in  the  high  current  dioxin  category  was 
significantly  increased  relative  to  Comparisons  in  the  background  category.  Abnormal 
spirometric  measurements  were  often  significantly  associated  with  dioxin  levels,  but  the 
differences  in  the  mean  levels  between  high-  and  low-exposed  participants  were  not 
clinically  important  These  findings  may  be  related  to  the  association  between  dioxin  and 
body  fat  noted  in  the  general  health  assessment  because  obesity  is  known  to  cause  a 
reduction  in  vital  capacity.  These  relationships  will  be  investigated  during  subsequent 
phases  of  die  study. 

Extrapolation  of  the  serum  dioxin  results  to  the  general  population  of  ground  troops  who 
served  in  Vietnam  is  difficult  because  Ranch  Hand  and  ground  troop  exposure  situations  were 
quite  different.  Based  on  serum  dioxin  testing  results  done  by  others,  nearly  all  ground 
troops  tested  currently  have  levels  of  dioxin  similar  to  background  levels.  Even  the  ground 
troops  who  served  in  herbicide- sprayed  areas  of  Vietnam  had  current  levels  indistinguishable 
from  those  of  men  who  never  left  the  United  States.  Tlie  AFHS  subgroup  most  like  tlic 
ground  troops  in  terms  of  current  dioxin  levels  is  those  Rauich  Hands  who  currently  have 
background  levels  of  dioxin  (designated  as  the  “unknown”  category  in  the  model  3 
analyses).  Therefore,  if  the  results  of  the  AFHS  arc  applied  to  the  general  population  of 
Vietnam  veterans,  the  focus  should  be  on  the  unknown  Ranch  Hand  versus  background 
Comparison  contrasts.  However,  extrapolating  the  results  of  these  analyses  to  Viemam 
veterans  should  still  be  made  cautiously.  In  general,  the  adjusted  model  3  analyses  found 
that  Ranch  Hands  in  the  unknown  category  did  not  show  a  significant  health  detriment 
relative  to  Comparisons  in  the  background  category. 

Small  but  significant  mean  differences  in  a  continuously  measured  health  variable  when 
there  are  no  corresponding  differences  in  the  percentage  of  abnormal  tests  are  difficult  to 
assess  Ln  any  study.  For  example,  in  the  discrete  analysis  of  serum  testosterone,  abnormally 


low  levels  were  not  significantly  associated  with  dioxin.  However,  the  adjust-jJ  ,  tinuons 
analysis  found  a  significant  negative  association  between  dioxin  and  testost-ren  >  *.  ;ien  the 
effect  of  body  fat  was  not  considered.  The  continuous  and  discrete  analyses  sj  '  to'ic  and 
diastolic  blo^  pressure  also  exhibited  conflicting  results.  Observations  suen  as  -icse  could 
represent  an  early  subclinical  effect,  or  they  could  be  the  result  of  a  muiriple  testing  atofact. 
Significant  trends  in  the  mean  with  increasing  levels  of  dioxin  arc  intcrpictcd  as  s  ito/.in- 
related  effect  if  a  corresponding  trend  is  seen  in  the  proportion  above  iclc  v  'he  .lormal 
range.  These  observations  emphasize  the  importance  of  continued  c'  aijation  c  £  a  re  ad 
spectrum  of  health  endpoints  in  the  subsequent  physical  examination  phases  of  thi  sJFHS. 

The  serum  dioxin  analyses  in  this  report  detected  significant  associatio:';  th  iipid- 
related  health  indices.  In  particular,  diabetes  and  body  fat  were  associated  ,  .•^'^?vely  with 
dioxin.  Cholesterol,  high-density  lipoprotein  (HDL),  cholestcrol-HDL  ratio ,  .ud  2-hour 
postprandial  glucose  also  were  associated  significantly  with  dioxin.  Erythroc'/te 
sedimentation  rate,  white  blood  cell  count,  platelet  count,  and  IgA  were  positively  associated 
with  dioxin,  suggesting  the  presence  of  a  chronic  dose-related  inflammatory  response.  Other 
variables,  such  as  the  spirometric  indices  in  the  pulmonary  assessment  and  benign  systemic 
neoplasms  in  the  malignancy  assessment  showed  significant  associations  with  dioxin  that 
may  be  related  to  body  fat  (approximately  15%  of  the  benign  neoplasms  in  Ranch  Hands  and 
70%  in  Comparisons  were  lipomas).  These  findings  and  their  possible  relationship  to  dioxin 
elimination  will  be  explored  in  future  examination  cycles.  The  serum  dioxin  analyses  also 
revealed  a  significant  positive  association  between  dioxin  and  decreased  testicular  size,  but 
the  importance  of  this  finding  is  unclear  (fertility  and  other  reproductive  outcomes  will  be 
assessed  in  a  separate  report).  Results  for  other  variables  revealed  no  consistent  pattern, 
within  or  across  clinical  areas,  indicative  of  a  health  detriment  due  to  dioxin  exposure. 

In  summary,  many  of  the  findings  in  this  repon  reveal  a  consistent  relationship  between 
dioxin  and  body  fat.  Two  hypotheses  may  explain  the  observed  relationships.  In  one,  dioxin 
could  cause  an  increase  in  body  fat.  or  the  level  of  body  fat  could  influence  the  dioxin  decay 
rate,  which  in  turn  alters  physiologic  outcomes,  such  as  blood  pressure,  serum  lipid 
alterations,  and  blood  sugar  levels.  An  alternative  hypothesis  involves  dioxin  as  a  direct 
cause  of  two  or  more  of  the  observed  endpoints,  including  body  fat.  Whether  dioxin  causes 
these  observed  effects  directly  or  is  a  step  in  an  extended  causal  pathway  cannot  be 
determined  from  these  data.  Additional  analyses  following  the  physical  examination 
scheduled  for  1992  may  help  resolve  this  question. 
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CHAPTER  1 


INTRODUCTION 


Am  FORCE  HEALTH  STUDY 

The  Air  Force  Health  Study  (AFHS)  is  an  epidemiologic  investigation  to  determine 
whether  occupational  exposure  to  Herbicide  Orange  in  a  group  of  U.S.  Air  Force  personnel  is 
associated  with  adverse  health  effects.  During  the  Viemam  conflia.  Herbicide  (Grange  was 
the  primary  herbicide  used  in  a  military  operation,  code-named  Operation  Ranch  Hand,  which 
disseminated  the  herbicide  through  aerial  spraying  for  purposes  of  defoliation  and  crop 
destruction. 

I 

As  documented  in  prespecified  analytical  plans  and  predecessor  reports,  the  AFHS  is 
based  on  a  cohort  design  in  a  nonconcurrent  prospective  setting.  The  study  design  consisted 
of  a  baseline  morbidity  assessment  that  is  to  be  complemented  by  five  followup  morbidity 
evaluations  over  a  20-year  period.  The  baseline  morbidity  evaluation,  conducted  in  1982, 
was  performed  by  the  Air  Force.  Followup  evaluations  were  conducted  in  1985  and  1987. 
The  1985  and  1987  evaluations  ("also  known  as  the  third-  and  fifth-vear  studies, 
respectively)  were  performed,  under  contract  to  the  .Air  Force,  by  Science  .Applications 
International  Corporation  (SAIC),  in  conjunction  with  Scripps  Clinic  and  Research  Foundation 
(SCRF)  and  the  National  Opinion  Research  Center  (NORC).  Future  evaluations  are  planned 
for  1992,  1997,  and  2002  (i.e.,  the  10-year,  15-year,  and  20-year  followup  studies, 
respectively). 

For  the  Baseline  and  the  1985  and  1987  studies,  the  major  focus  of  the  analyses  was  to 
compare  the  health  status  of  the  Ranch  Hands  (i.e.,  the  exposed  cohort)  with  that  of  the 
Comparisons  (i.e.,  the  unexposed  cohort).  An  ancillary  analysis  used  an  approximate 
estimate  of  exposure  (low,  medium,  and  high)  that  was  constructed  for  each  Ranch  Hand 
using  historical  military  record  information  with  herbicide  procurement  and  usage  records. 

For  the  most  part,  the  constructed  exposure  index  failed  to  display  consistent  and/or 
meaningful  dose-response  relationships. 


During  the  conduct  of  the  1987  physical  examination,  the  Air  Force  initiated  a 
collaborative  study  with  the  Centers  for  Disease  Control  (CDQ  to  measure  dioxin  levels  in 
the  serum  of  Ranch  Hands  and  Comparisons.  The  purpose  of  this  rejjort  is  to  perform  a 
thorough  statistical  evaluation  to  assess  dose-response  relationships  between  various 
measures  of  dioxin  and  approximately  300  health-related  endpoints  in  12  clinical  areas.  The 
statistical  analyses  associated  with  the  serum  data  will  evaluate  the  association  between  a 
specified  health  endpoint  and  dioxin  among  the  Ranch  Hands,  as  well  as  contrast  the  health 
of  various  categories  of  Ranch  Hands  having  differing  serum  dioxin  levels  with  the  health  of 
Comparisons  having  background  'evels  of  dioxin  in  their  blood.  The  analysis  of  dose- 
response  relationships  based  on  serum  assays  provides  an  important  enhancement  over  the 
previous  AFHS  investigations.  This  research  is  the  first  large-scale  study  of  dose-response 
effects  based  on  an  accurate  measurement  of  current  dioxin.  The  results  of  this  study 
supplement  the  findings  of  previous  AFHS  reports,  which  have  focused  on  group  contrasts 
between  exposed  and  unexposed  cohons,  rather  than  on  the  dose-response  relationships  in 
this  repon. 
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Of  the  995  Ranch  Hands  who  were  fully  compliant  to  the  1987  physical  examination,  932 
had  serum  specimens  analyzed  by  QDC;  64  of  these  932  specimens  were  reponed  by  CDC  as 
not  quantifiable  by  the  analytical  method.  Two  of  the  932  participants  provided  blood  but 
were  not  part  of  the  1987  examination.  The  Ranch  Hand  participants  used  for  the  statistical 
analyses  of  the  scrum  data  excluded  the  66  Ranch  Hands  specified  above.  Thus,  the  serum 
levels  of  the  remaining  866  Ranch  Hands  were  candidates  for  evaluating  the  association 
between  health  status  and  level  of  dioxin.  Cuirent  dioxin  levels  exceeded  5  ppt  for  742  of  the 
Ranch  Hands,  and  exceeded  10  ppt  for  521  Ranch  Hands.  These  two  Ranch  Hand  groups  are 
the  maximal  and  minimal  cohorts,  described  later  in  this  chapter. 

Of  the  1,299  Comparisons  who  completed  the  1987  physical  examination,  1,198  had 
serum  specimens  analyzed  by  CDC.  Dioxin  assay  information  on  a  randomly  selected  subset 
of  888  ^mparisons  was  received  from  CDC  by  January  1990,  at  which  time  statistical 
analyses  involving  Comparison  data  began.  Eighty-three  of  the  887  Comparisons  who 
completed  the  physical  examination  had  a  current  doxin  level  reponed  by  CDC  as  not 
quantifiable.  Therefore,  804  Comparisons  were  candidates  for  use  in  the  statistical  analyses. 

An  additional  314  Comparison  dioxin  assay  results  were  subsequendy  received.  Of 
these  results,  311  were  based  on  Comparisons  who  had  completed  the  physical  examination, 
and  3  were  reanalyses  of  specimens  of  3  Comparisons  who  completed  the  examination  but 
whose  dioxin  result  was  indeterminant. 

Chapter  2,  Dioxin  Assay,  contains  a  more  complete  discussion  of  the  dioxin  assay,  the 
888  and  the  subsequendy  received  314  Comparison  assay  results. 

Questionnaire  Methodology 

One  source  of  information  used  in  the  statistical  analyses  for  the  AFHS  was  the 
participant  questionnaire.  For  the  1982  Baseline  study,  the  questionnaire  was  administered 
at  the  panicipant's  home.  The  questionnaires  of  the  1985  and  1987  followup  cycles  were 
administered  at  the  physical  examination  site.  New  participants  or  participants  who  refused 
to  take  part  in  the  1982  and  1985  examinations  had  the  option  of  responding  to  the  Baseline 
questionnaire  either  at  their  residence  or  at  the  physical  examination  site.  The  instruments 
provided  baseline  or  updated  information  on  such  items  as:  demographic  characteristics, 
education,  occupation,  medical  history,  study  compliance,  toxic  exposures,  reproductive 
experience,  personality  type,  sleep  disorders,  and  risk  factors  for  skin  cancer.  For  a  detailed 
discussion  of  the  development,  expansion,  and  implementation  of  the  questionnaire  (i.e., 
interviewer  training,  scheduling  of  participants,  data  collection,  and  data  processing),  the 
reader  is  referred  to  Chapter  3,  Questionnaire  Methodology,  AFHS  1987  examination  (1). 

Physical  Examination  Methodology 

Another  major  source  of  information  for  the  analyses  in  the  AFHS  resulted  from  the 
various  health  evaluations  performed  at  SCRF  in  1987.  The  evaluations  consisted  of  the 
following  major  elements: 


Review-of-systems  questionnaire 
Psychological  testing 


•  Physical  examination 

•  Laboratory  testing 

•  Specialized  testing  (e.g.,  phlebotomy  for  measurement  of  serum  dioxin) 

•  Psychological  and  medical  outbriefings. 


The  logistical  efforts  involved  in  contacting,  transporting,  and  examining  the  study 
participants  for  the  1987  phase  of  the  AFHS  arc  described  in  Chapter  4,  Physical 
Examination  Methodology,  of  the  AFHS  1987  examination  report  (1) 

During  the  clinical  examinations,  data  were  collected  in  the  laboratory  and  by  a  general 
and  two  subspecialty  (dermatologica.-  and  neurological)  examinations.  In  the  clinical 
laboratory,  outpoints  between  normal  and  abnormal  measurements  arc  in  most  cases  well 
defined.  In  the  physical  examinations  that  were  conducted  by  multiple  examiners,  however, 
some  subjective  variation  in  data  collection  would  be  anticipated.  By  adhering  to  a  strict 
examination  protocol  and  by  blinding  the  examiners  to  the  exposure  status  of  all  participants, 
a  group  bias  was  avoided. 

The  format  of  the  physical  examination  was  designed  to  address  the  wide  range  of  body 
organ  systems  suggested  by  the  scientific  literature  on  both  human  and  animal  studies,  the 
spectrum  of  health  problems  reported  by  Viemam  Veterans  listed  in  the  Agent  Orange 
Repository  of  the  Department  of  Veterans  Affairs,  and  concerns  expressed  in  the  press.  The 
examiners  were  kept  strictly  unaware  of  the  exposure  status  of  each  participant  and  were 
required  to  condua  their  examinations  in  a  standardized  and  consistent  manner.  Each 
participant  was  provided  with  all  of  his  examination  results  by  a  specialist  in  internal 
medicine  and  a  clinical  psychologist.  V^Tienever  a  condition  requiring  prompt  medical  followup 
or  further  evaluation  was  identified  by  one  of  these  debriefers,  arrangements  and 
appointments  were  made  'with  a  referral  physician  before  the  participant  departed  from  the 
clinic.  In  this  manner,  continuing  treatment  of  important  medical  conditions  was  not 
overlooked. 

Quality  Control 

Throughout  the  1987  examination,  a  number  of  steps  were  taken  to  maintain  stringent 
quality  control  (QC)  and  quality  review  standards.  In  general,  quality  assurance  (QA) 
activities  were  defined  and  implemented  in  the  areas  of  administrative  QA;  questionnaire, 
physical,  and  psychological  examination  QC;  laboratory  QC  measures;  data  management  QC; 
and  statistical  QC.  Chapter  6,  Quality  Control,  of  the  AFHS  report  on  the  1987  examination 
contains  detailed  descriptions  of  these  quality  control  efforts  (1). 

Administrative  Quality  Control 

For  the  1985  and  1987  examinations,  and  the  associated  scrum  dioxin  analyses 
presented  in  this  report,  an  internal  Quality  Review  Committee  (QRQ  was  convened  by  the 
prime  contractor.  QRC  members  provided  independent  reviews  and  comments  on  draft  report 
materials  submitted  to  the  Air  Force.  The  QRC  also  provided  advice  on  issues  that  might 
affect  study  quality. 


Qxustionmire,  Physical,  and  Psychological  Quality  Control 

For  administration  of  the  1987  questionnaires,  interviewers  were  provided  specific 
training  and  detailed  mstructions  by  NORC  on  conducting  the  interviews.  In  addition, 
schedulers  were  trained  to  perform  initial  contacts  with  individuals  to  invite  them  to 
participate  in  the  1987  examination  cycle.  Conversion  specialists  were  used  to  contact 
refusals  or  to  identify  replacements  for  unwilling  Comparisons.  Site  supervisors  monitored  a 
sample  of  interviews  firom  each  interviewer.  If  necessary,  immediate  onsite  rctraLning  was 
provided  for  interviewers  to  ensure  proper  administration  of  the  questionnaire.  A  rigorous 
review  process  for  monitoring  the  completeness  and  quality  of  responses  to  the  questionnaire 
items  was  followed. 

After  the  questionnaires  were  reviewed  for  completeness  and  data  validity,  the 
questionnaire  and  physical  examination  records  were  provided  to  the  Air  Force  for  medical 
coding  of  the  reported  informadon.  Once  the  medical  coding  was  completed,  the  questionnaire 
information  was  provided  to  NORC  for  data  processing.  Various  edit  and  data  verification 
procedures  were  performed  and  discrepancies  were  resolved  on  a  case-by-case  basis.  All 
corrections  were  documented  and  entered  into  the  data  ba^e.  QA  reports  were  generated 
monthly  and  the  review  process  was  continued  until  no  errors  or  discrepancies  were  found. 

The  physical  examination  provided  most  of  the  health  status  information  used  for  clinical 
and  statistietd  evaluation.  Hence,  a  number  of  steps  were  taken  to  guarantee  the  quality  and 
completeness  of  the  information  generated  during  the  physical  examination.  The  steps 
included  a  stringent  selection  process  for  all  personnel  dhwtiy  involved  with  the  study 
participants;  a  complete  pretest  of  the  physical  examination,  interview,  psychological  test, 
and  laboratory  test  procedures  before  the  start  of  the  study;  refresher  training  for  diagnostic 
procedures  (e.g.,  to  diagnose  chloracne);  weekly  review  of  participant  critique  forms;  timely 
review,  and  revision  if  necessary,  of  items  reported  on  the  physical  examination  forms;  and 
daily  monitoring  of  clinical  examination  activities  by  the  onsite  Air  Force  monitor  and  the 
SC]^  Medical  Project  Director. 

Clinical  Laboratory  and  Immunology  Laboratory  Quality  Control 

Multiple  actions  were  implemented  in  the  area  of  QC  for  the  clinical  laboratory.  An 
integrated  medical  laboratory  management  information  system  was  used  to  provide  direct 
device  to  data  base  interfaces  for  automated  testing  equipment;  stringent  calibration 
standards  were  maintained  for  all  automated  equipment;  control  samples  were  used  to 
monitor  test  quality;  formal  analysis  and  review  of  QC  data  was  performed  on  a  weekly 
basis;  and  CUSUM  and  FIR  CUSUM  techniques  were  used  to  detect  calibration  problems.  A 
stringent  QC  procedure  was  also  implemented  in  the  cellular  immunology  component  of  the 
AFHS  to  address  problems  in  assay  performance,  reagent  validity,  data  analysis,  and  results 
reporting.  Chapter  6  of  the  1987  examination  report  provides  an  indepth  discussion  of  the 
clinicai  and  immunologic  QC  procedures  (1). 

Data  Management  Quality  Control 

The  QC  program  for  the  data  management  activity  consisted  of  multiple  checks  at  all 
steps  of  the  examination,  data  collection,  and  data  processing  cycle.  Data  QC  procedures  for 
data  collection,  conversion,  and  integration  were  developed  before  the  clinical  examinations 
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began.  Pretesting  of  forms,  procedures,  and  logistical  arrangements  was  conducted  3  weeks 
before  the  examinations  actually  began. 

Five  interwoven  layers  of  QC  were  instituted  to  ensure  data  integrity:  data  processing 
system  design;  design  and  administration  of  all  exams  or  questionnaires;  data  completeness 
checks;  data  validation  techniques;  and  quality  control  medical  records  coding. 

Statistical  Analysis  Quality  Control 

QC  was  exercised  in  the  following  areas  addressing  the  statistical  analysis: 
construction  of  data  bases  for  the  statistical  analysis  of  each  clinical  chapter,  the  statistical 
analysis,  and  the  preparation  of  the  clinical  chapters  containing  the  results  of  the  statistical 
analyses.  Each  clinical  area  data  base  was  examined  for  extreme  and  improbable  values. 
Discrepancies  were  resolved  through  contact  with  the  organization  responsible  for  the  data 
item  of  interest  (e.g.,  SCRF  or  NORC).  Technical  issues  related  to  statistical  analysis  were 
discussed,  and  resolved  through  frequent  telephone  and/or  written  communications  between 
the  SAIC  statisticians  and  the  Air  Force  piincipal  investigators.  The  content  of  the  report 
was  verified  for  accuracy  and  validity  among  the  reponed  text  and  tables,  and  for  consistency 
with  the  output  results  generated  by  the  statistical  software. 

Statistical  Models 

The  serum  dioxin  measurements  were  used  in  three  different  ways  to  assess  the 
relationships  between  current  health  status  and  dioxin.  Within  a  specified  clinical  area,  the 
results  of  three  analyses  performed  for  each  dependent  variable  were  described  under 
sections  titled: 

•  Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

•  Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

•  Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category. 


Models  1  and  2  used  serum  dioxin  values  for  only  the  Ranch  Hands.  For  model  1 ,  the 
dependent  variable  for  each  Ranch  Hand  was  regressed  on  an  initial  dioxin  level.  The  initial 
dioxin  value  was  estimated  retrospectively  from  a  first-order  pharmacokinetic  half-life  model 
using  the  measured  current  dioxin,  the  estimated  half-life  of  7.1  years  (2)  and  time  since  the 
end  of  each  Ranch  Hand’s  tour  of  duty  in  Vietnam.  For  model  2,  regression  relationships 
were  developed  between  the  dependent  variable  for  each  Ranch  Hand  and  the  measured 
current  dioxin  level  and  time  since  the  end  of  the  tour  in  Vietnam.  The  latter  model  was 
implemented  as  an  alternative  to  model  1  which  was  based  on  assuming  a  particular  half-life 
model.  Both  of  these  models  were  implemented  with  and  without  adjustment  for  covariate 
information.  While  the  overall  analysis  in  model  2  specifically  assesses  ihe  effect  of 
differences  between  time  strata,  a  current  dioxin  effect  can  be  seen  in  the  time  stratified 
portions  of  the  analyses  as  well. 

Models  1  and  2  were  also  applied  under  two  assumptions  concemirg  exposure:  the 
minimal  assumption  and  the  maximal  assumption.  Under  the  minimal  as  .umption,  the 
analyses  arc  based  on  those  Ranch  Hands  with  current  dioxin  levels  above  10  ppt.  The  basis 
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for  the  Tninimal  assumption  is  that  Ranch  Hands  cuirently  having  dioxin  levels  at  or  below  10 
ppt  arc  assumed  not  to  have  been  exposed  to  dioxin  during  their  Ranch  Hand  tour.  Under  the 
maximal  assumption,  the  analyses  are  based  on  Ranch  Hands  with  current  dioxin  levels 
above  5  ppt.  The  maximal  assumption  presumes  that  Ranch  Hands  with  levels  between  5 
ppt  and  10  ppt  were  only  exposed  to  such  an  extent  that  their  body  burden  of  dioxin  has  just 
recently  decayed  to  levels  equivalent  to  normal  background.  Ranch  Hands  with  current  dioxin 
levels  at  or  below  5  ppt  were  excluded  from  the  analyses  because  of  concerns  raised  by  the 
QDC  regarding  the  validity  of  the  half-life  model  to  extrapolate  initial  dioxin  levels  using  such 
low  dioxin  levels.  The  minimal  assumption  is  an  attempt  to  focus  the  analyses  on  Ranch 
Hands  who  are  more  likely  to  have  been  exposed  during  their  tour.  The  maximal  assumption 
focuses  on  those  participants  known  to  be  part  of  Operation  Ranch  Hand  but  the  analyses 
may  include  some  participants  who  possibly  may  not  have  been  exposed  to  dioxin  during  their 
tours.  Each  assumption  defines  the  size  of  the  Ranch  Hand  groups  being  analyzed.  The  use 
of  the  terms  “minimal"  and  “maximal”  should  not  be  interpreted  as  identifying  those 
participants  with  a  particular  level  or  magnitude  of  dioxin  exposure. 

The  analyses  identified  under  model  3  compare  the  health  of  Ranch  Hands  with  current 
dioxin  values  categorized  as  unknown  (current  dioxin  at  or  below  10  ppt),  low  (current  dioxin 
above  15  ppt  but  not  above  33.3  ppt),  and  high  (current  dioxin  above  33.3  ppt)  with 
Comparisons  having  background  levels  (current  dioxin  at  or  below  10  ppt).  “Unknown”  is 
used  as  a  description  for  Ranch  Hands  with  current  serum  dioxin  levels  at  background.  Ranch 
Hands  with  current  dioxin  levels  at  or  below  10  ppt  were  placed  in  a  separate  category  (i.e., 
unknown)  because  the  exposure  resulting  from  their  Vietnam  tour  could  not  be  differentiated 
from  background  levels.  Separating  the  unknown  and  low  exposure  categories  by  5  ppt 
reduces  concerns  about  the  assignment  of  a  Ranch  Hand  to  either  of  the  categories  when  the- 
current  level  is  very  near  a  defined  cutpoint  To  remove  any  doubt  about  possible  exposure  in 
the  Comparison  group,  any  Comparisons  having  a  current  dioxin  level  above  10  ppt  were 
excluded.  Eighteen  Comparisons  had  a  current  dioxin  level  above  10  ppt.  Chapter  3 
graphically  displays  distributions  of  scrum  levels  for  Ranch  Hands  and  Comparisons. 

Organization  of  the  Report 

This  report  is  organized  as  follows: 

•  Chapter  1  (Introduction)  provides  summary  background  information  on  AFHS  and  the 
serum  dioxin  analysis;  and  discusses  specific  technical  items/issues  that  may  affect 
the  results  of  the  different  clinical  area  assessments. 

•  Chapter  2  (Dioxin  Assay)  describes  the  blood  draw  procedure  used  to  determine  the 
scrum  dioxin  measurements;  the  analytical  method  used  to  determine  the  dioxin  level 
from  tlic  scrum;  and  QC  procedures  associated  with  the  scrum  dioxin  data. 

•  Chapter  3  (Relationship  of  Estimates  of  Dioxin  and  Exposure  Index)  provides  a 
comparison  of  the  constructed  exposure  index  used  in  previous  reports  to  the 
estimates  of  dioxin  body  burden  used  in  this  report 

•  Chapter  4  (Statistical  Methods)  documents  the  smiisdcal  methods  used  in  the 
individual  clinical  area  assessments;  and  the  statistical  procedures  and  results  of  the 
half-life  analyses  performed  by  the  Air  Force. 
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•  Qiaptcr  5  (Covariate  Associations)  examines  the  associations  between  dioxin  and 
the  individual  covariates  used  in  the  different  clinical  assessments. 

•  Chapters  6  through  17  present  the  results  and  medical  discussion  for  each  clinical 
area  from  the  statistical  analyses  of  the  dependent  variables  using  the  three  models 
described  earlier  in  this  chapter.  Each  chapter  contains  a  brief  overview  of  pertinent 
scientific  literature.  More  detailed  summaries  can  be  found  in  the  report  of  Ac  1987 
examination  (1). 

•  Chapter  18  (Conclusions)  summarizes  Ae  Endings  and  metfical  discussion  of  the 
statistical  analyses  performed  for  each  of  Ae  12  clinical  areas. 

•  Chapter  19  (Future  Directions)  summarizes  Ae  anticipated  future  activities,  and 
possible  mo^cations  to  Ae  existing  instruments  and  methodologies  used  to 
mvestigate  Ae  association  between  hcalA  status  and  Aoxin  exposure. 

INTERPRETIVE  CONSIDERATIONS 

When  interpreting  Ae  data  presented  in  Ais  report,  careful  consideration  must  be  given 
to  bias,  interactions,  consistency,  multiple  testing,  dose-response  patterns,  trends,  power 
limitations,  strengA  of  association,  and  biological  credibility.  Problems  in  evaluating  negative 
results,  extrapolating  to  oAer  populations,  and  summarizing  results  also  should  be 
considered. 

Bias 

WiA  Ac  introduction  of  Ac  Aoxin  assay  as  Ae  measure  of  exposure,  important  sources 
of  bias  arc  reduced  to  violations  of  Ae  underlying  assumptions  of  the  thiree  models  upon 
which  all  analyses  m  this  repon  are  based.  Closely  associated  wiA  violation  of  assumptions 
is  Ac  possibility  Aat  an  important  covariate  may  have  been  overlooked. 

Biased  results  will  be  produced  if  Ae  assumptions  underlying  any  of  Ae  three  statistical 
models  arc  violated.  Of  Ac  Aree  models,  model  1  (sec  Chapter  4,  Statistical  Methods)  is 
Ae  most  vulnerable  to  this  kind  of  bias,  since  it  depends  directly  on  two  unvalidated 
assumptions:  (a)  Aat  dioxin  elimination  is  by  first-order  pharmacokinetics  and  (b)  Aat  all 
Ranch  Hands  have  Ae  same  Aoxin  half-life  (7. 1  years).  If  dioxin  elimination  is  first-order, 
but  some  Ranch  Hands  have  a  shorter  half-life  than  oAers  (as  suggested  by  unpublished 
analysis  of  paired  Aoxin  measurements  on  36  Ranch  Hands,  see  Chapter  4,  pages  4-9 
through  4-12),  Acn  Aere  would  have  been  misclassification  of  Aitial  dioxin  exposure.  If  the 
clinical  endpoint  is  not  associated  wiA  a  factor  (e.g.,  relative  weight  change)  that  affects  Ae 
elimination  rate,  then  estimates  of  Ae  odds  ratio  for  common  Aseascs  associated  wiA  low 
and  high  levels  of  imtial  dioxin  will,  m  general,  be  biased  toward  unity.  However,  if  Ae 
clinical  endpoint  is  associated  wiA  a  factor  Aat  affects  Ae  elimination  rate,  Aen  Ae  odds 
ratio  will  be  biased  away  from  unity. 

The  validity  of  the  constant  half-life  assumption  cannot  be  assessed  until  the  half-life 
study  is  expanded  to  all  500  Ranch  Hands  with  current  levels  above  background  (above  10 
ppt).  Paired  Aoxin  measurements  on  each  of  Aese  500  Ranch  Hands,  one  derived  from 
frozen  serum  samples  collected  in  1982  and  Ac  oAer  from  scrum  coUeaed  in  1987,  will 
permit  investigation  of  half-life  variability  wiA  changes  in  weight,  percent  body  fat,  and 
disease  since  exposure.  Assessment  of  Ac  first-order  elimination  assumption  will  be  based 
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on  op  to  five  dioxin  measurements  collected  serially  on  each  of  20  males  who  were  exposed 
during  a  factory  explosion  near  Seveso,  Italy  (3).  The  additional  Air  Force  and  Seveso  data 
will  be  available  in  1991. 

Estimates  of  health  effects  derived  from  model  2  also  could  be  biased  if,  for  example, 
some  Ranch  Hands  were  fast  dioxin  eliminaton  (have  a  short  dioxin  half-life)  and  some  were 
slow  eliminators  (have  a  long  half-life).  If  this  phenomenon  was  associated  with  a  covariate 
(e.g.,  relative  weight  change  between  1982  and  1987),  lack  of  adjustment  for  this  covariatc 
would  bias  estimates  of  the  slope  or  relative  risk  toward  the  null  values  (slope=0  and  relative 
risk=l).  Further  investigation  of  this  possibility  will  occur  during  the  expanded  half-life 
study,  which  is  scheduled  to  begin  in  early  1991.  A  similar  concern  arises  regarding 
estimates  of  effect  derived  from  model  3.  If,  for  example,  a  health  effect  was  expressed  many 
years  after  exposure,  such  an  effect  would  probably  be  apparent  in  contrasts  in  disease  rates 
between  the  background  group  and  Ranch  Hands  in  the  high  current  dioxin  category  with  the 
earliest  tours  of  duty.  The  categorized  current  dioxin  analyses  were  not  adjusted  for  time 
since  tour,  however.  Hence,  it  might  not  be  possible  to  detect  such  an  effect  with  that  model 
because  time  since  tour  was  not  used  for  adjustment  This  shoncoming  is  partially  overcome 
by  analyses  based  on  model  2,  which  are  adjusted  for  time  since  tour  and  the  interaction 
between  current  dioxin  and  time. 


Information  bias,  represented  by  overreporting  disease  symptoms,  was  precluded  by 
verifying  all  diseases  and  conditions  with  mescal  records.  It  is  possible  that  Ranch  Hand 
conditions  may  be  more  verifiable  because  they  may  have  been  seen  by  physicians  more  often 
than  Comparisons;  this  would  be  revealed  by  group  differences  in  the  quantity  and  content  of 
medical  records.  Because  currently  there  is  no  way  to  quantify  these  aspects,  this  potential 
source  of  bias  remains  unexplored.  This  source,  however,  if  it  exists,  would  affect  only 
estimates  of  health  effects  derived  from  model  3  because  Comparison  data  were  not  used  in 
the  model  1  and  model  2  analyses.  Information  bias  due  to  errors  in  the  data  introduced 
through  data  entry  or  machine  error  is  negligible.  All  laboratory  results  were  subject  to  strict 
quality  control  procedures.  Medical  coding  data  were  verified  completely  by  medical  record 
review. 

Adjustments  for  Covariates  and  Interactions 

In  previous  reports,  the  focus  was  on  overall  group  contrasts  between  all  Ranch  Hands 
and  all  Comparisons,  which  took  advantage  of  the  matched  design.  In  those  analyses,  the 
matching  variables  age,  race,  and  occupation  were  eliminated  effectively  as  confounders.  The 
present  dioxin  analyses  within  Ranch  Hands  and  the  categorized  current  dioxin  analyses 
within  Ranch  Hands  and  Comparisons  are  not  benefited  by  the  matched  design.  Military 
occupation  is  a  strong  confounder  because  it  is  highly  correlated  with  current  dioxin  levels  in 
Ranch  Hands  and  is  related  to  some  health  variables  through  socioeconomic  differences 
benveen  officers  and  enlisted  personnel.  Education  is  highly  associated  with  military  occupa¬ 
tion  and  certain  psychometric  results. 


In  addition,  some  covariates  (e.g.,  percent  body  fat)  may  themselves  be  associated  with 
current  dioxin  level  and,  perhaps,  through  their  relationship  with  dioxin,  may  be  related  to  the 
dependent  health  variable.  In  this  situation,  analyses  of  covariance  adjusted  for  such  a 
covariatc  arc  not  valid,  since  the  assumed  independence  of  the  “treatment”  (current  or  initial 
dioxin)  and  the  covariatc  is  not  met  (4).  There  is  no  recourse  but  to  analyze  the  data  with 
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and  without  adjustment  for  the  covariate;  both  analyses  potentially  arc  biased.  Thus, 
unadjusted  analyses  must  be  viewed  with  caudon  and  circumspccdon.  Because  some 
covariates  may  act  in  an  intervening  manner  relating  the  “treatment”  to  the  dependent 
variable,  some  adjusted  analyses  of  covariance  are  themselves  subject  to  bias.  Bias  intro¬ 
duced  by  intervening  covariates  is  unavoidable  in  an  observational  study. 

The  adjusted  models  assessed  the  statistical  significance  of  interactions  between  dioxin 
and  the  covariates  to  determine  whether  the  relationship  between  dioxin  and  the  dependent 
variable  (health-related  endpoint)  differed  across  levels  of  the  covariate.  In  many  insmnees 
the  clinical  importance  of  a  statistically  significant  dioxin-by-covariate  interaction  is  unknown 
or  uncertain.  The  clinical  relevance  of  a  statistically  significant  interaction  would  be 
strengthened  if  the  same  interaction  persisted  among  related  endpoints.  It  is  recognized  that 
due  to  the  large  number  of  dioxin-by-covariate  interactions  that  were  examined  for 
approximately  300  variables,  some  of  the  dioxin-by-covariate  interactions  judged  significant 
at  the  0.05  level  might  be  spurious  (i.e.,  chance  occurrences  not  of  biological  or  clinical 
relevance).  This  should  be  considered  when  significant  dioxin-by-covariate  interactions  arc 
interpreted.  It  is  imporunt  that  the  size  of  the  p-value  associated  with  each  dioxin-by- 
covariate  interaction  be  weighed  carefully.  For  this  reason  models  without  the  dioxin-by- 
covariate  interaction  were  implemented  to  address  the  possibility  that  some  interactions  may 
arise  from  mukiple  testing  (see  Chapter  4). 

Consistency 

Ideally,  an  adverse  health  effect  in  Ranch  Hands  attributable  to  herbicide  or  dioxin 
would  be  revealed  by  internally  and  externally  consistent  findings.  An  internally  consistent 
finding  does  not  contradict  prior  information,  other  findings,  or  metfical  knowledge.  An 
externally  consistent  finding  has  been  established  cither  previously  in  theory  or  empirically 
as  related  to  exposure. 

The  findings  of  positive  trends  of  increasing  abnormalities  with  increasing  levels  of 
current  dioxin  with  regard  to  lipids,  percent  body  fat  and  diabetes  arc  internally  consistent. 
The  observed  associations  between  dioxin  and  Millon  Clinical  Multiaxial  Inventory  scale 
scores  appear  inconsistent  and  isolated.  They  are  not  consistent  between  themselves  or 
with  known  panems  of  psychological  disorder. 

Multiple  Testing 

Numerous  dependent  variables  were  considered  because  of  the  lack  of  a  predefined 
medical  endpoint  Each  dependent  variable  was  analyzed  in  many  different  ways  to 
accommodate  covariate  information  and  different  statistical  models.  In  the  hypothetical  case 
when  Ranch  Hand  physical  health  is  not  related  to  dioxin,  about  5  percent  of  the  many 
statistical  tests  of  hypotheses  (dioxin  effects  and  dioxin-by-covariate  interactions)  shown  in 
this  report  should  be  expected  to  detect  an  association  between  dioxin  and  health  in  Ranch 
Hands  (p-valucs<0.05).  Observing  significant  results  due  to  multiple  testing,  even  when 
there  is  no  relationship  between  dioxin  and  health,  is  known  as  the  multiple-testing  artifact 
and  is  common  in  large  studies.  Unfortunately,  there  is  no  statistical  procedure  available  to 
distinguish  between  those  statistically  significant  results  that  arise  due  to  the  multiple 
testing  artifact  and  those  that  may  be  due  to  a  bona  fide  dioxin  effect.  Instead,  in  order  to 
weigh  and  interpret  the  findings,  the  authors  have  considered  the  strength  of  the  association, 
consistency,  dose-response  patterns,  and  biologic  credibility. 
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Trends 

Assessing  consistent  and  meaningful  trends  is  essential  when  interpreting  any  large 
study  with  multiple  endpoints,  clinical  areas,  and  covariates.  However,  caution  must  be  used 
when  assessing  trends.  Increased  numbers  of  abnormalities  or  means  with  increased  dioxin 
levels  across  medically  related  variables  within  a  clinical  area  might  indicate  a  dioxin  effect 
In  this  case,  it  is  important  to  note  that  there  is  a  moderate-to-strong  correlation  between 
some  endpoints.  Hence,  the  strength  of  the  trends  also  must  be  considered  when  assessing 
the  suspected  association. 

Power  Limitations 

The  fixed  size  of  the  Ranch  Hand  cohort  limits  the  ability  of  this  study  to  detect  a  dioxin 
association.  This  limitadon  is  most  obvious  concerning  specihc  types  of  cancer,  such  as  soft 
tissue  sarcoma  and  non-Hodgkin’s  lymphoma,  which  are  so  uncommon  that  fewer  than  two 
cases  are  expected  in  this  study,  indicating  that  this  study  has  virtually  no  statistical  power 
to  detect  low-to-moderate  associations  (relative  risks  less  than  5)  with  dioxin.  On  the  other 
hand,  these  sample  sizes  are  sufficient  to  detect  very  small  mean  shifts  in  the  continuously 
distributed  variables  (see  Chapter  4).  For  example,  with  regard  to  IgG,  this  study  has 
approximately  90  percent  power  to  detect  a  mean  shift  of  1  percent.  The  detection  of 
significant  mean  shifts  without  a  corresponding  indication  of  increased  Ranch  Hand 
abnormalities  or  disease  is  considered  to  be  of  little  importance  or  it  may  be  an  artifact  of 
multiple  testing.  Tnis  study  has  good  power  to  detect  relative  risks  of  2.0  or  more  with 
respect  to  diseases,  such  as  heart  disease  and  basal  cell  carcinoma,  occturing  at  prevalences 
of  at  least  5  percent  in  unexposed  populations. 

In  an  attempt  to  overcome  the  lack  of  power  to  detect  group  differences  for  specific  types 
of  systemic  cancer,  all  types  of  systemic  cancer  were  combined  into  a  single  variable.  It  is 
still  possible,  however,  that  an  increased  risk  could  exist  for  a  particularly  rare  type  of  cancer, 
allowing  that  increased  risk  to  be  missed  in  this  smdy. 

Strength  of  Association 

Ideally,  an  adverse  effect,  if  it  exists,  would  be  revealed  by  a  strong  association 
between  categorized  cunent  dioxin  and  a  disease  condition;  that  is,  by  a  statistically 
significant  relative  risk  greater  than  2.0  for  Ranch  Hands  in  the  high  current  dioxin  category 
relative  to  the  unexposed  Comparisons  (5).  Statistically  significant  relative  risks  less  than 
2.0  are  considered  to  be  less  imponant  than  larger  risks  because  the  relative  risks  less  than 
2.0  can  easily  arise  due  to  unperceived  bias  or  confounding.  Relative  risks  greater  than  5.0 
are  less  subject  to  this  concern.  The  numbers  2  and  5  are  rules  of  thumb  regarding  analyses 
of  association  between  a  dichotomous  endpoint  (disease,  no  disease)  and  dichotomized 
exposure  (exposed,  unexposed).  No  such  rules  have  been  published  regarding  the  analysis 
of  continuously  distributed  endpoints  (such  as  cholesterol)  versus  continuously  distributed 
exposure  (such  as  initial  or  cunent  dioxin  in  models  1  and  2). 

Biological  Credibility 

The  assessment  of  biological  credibility  requires  consideration  of  the  following  question. 
In  biological  terms,  can  it  be  understood  how  the  exposure  under  study  could  produce  the 
effect  of  interest?  While  a  lack  of  biological  credibility  or  even  a  contradiction  of  biological 
knowledge  can  lead  to  the  dismissal  of  a  significant  result,  the  failure  to  perceive  a 
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mechanism  may  reflect  only  ignorance  of  the  state  of  nature.  On  the  other  hand,  it  is  easy  to 
ascribe  biological  mechanisms  that  relate  almost  any  exposure  to  almost  any  cancer.  Thus, 
while  pertinent,  the  response  to  this  question  is  not  always  convincing. 

Interpretation  of  Negative  Results 

A  1985  study  (6)  presents  minimal  sample-size  criteria  for  proof  of  safety  and  hazard  in 
studies  of  environmental  and  occupational  exposures.  The  study  was  directed  at  rectifying 
widespread  misconceptions  about  proof  of  safety  in  the  medical  and  scientific  establishments 
and  in  other  groups  involved  in  public  health  and  safety.  Thus,  a  lack  of  significant  results 
relating  dioxin  to  a  particular  disease  only  means  that  this  study  is  unable  to  detect  a 
relationship  between  dioxin  and  health.  This  docs  not  imply  that  a  relationship  does  not 
exist,  but  ^at,  if  it  does  exist,  it  was  not  detected.  A  lack  of  significant  results  does  not 
mean  that  dioxin  is  safe  or  that  there  is  no  relationship  between  dioxin  and  health,  because 
this  study  is  not  designed,  nor  was  it  iiitcnded,  to  establish  safety.  This  study  was  designed 
to  determine  whether  a  hazard  existed  for  the  exposed  personnel  and  not  whether  dioxin  was 
“safe.” 

Interpretation  of  the  Coefficient  of  Determination 

The  coefficient  of  determination,  R2,  measures  the  proportionate  reduction  of  the  total 
variation  in  a  continuously  distributed  health  variable  y  associated  with  the  set  of 
independent  variables  in  a  linear  regression.  A  large  value  of  does  not  necessarily  imply 
that  the  fitted  model  is  a  useful  one.  Large  values  of  would  occur,  for  example,  if  y  is 
regressed  on  an  independent  variable  with  only  two  observed  values.  On  the  other  hand, 
very  small  values  of  R2  are  generally  seen  in  observational  studies  because  little  or  no 
control  has  been  applied  in  the  assignment  of  the  values  of  the  “treatment”  (initial  or  current 
dioxin)  or  the  conations  under  which  the  “treatment”  has  been  applied.  In  this  study,  the 
dioxin  measurements  were  taken  many  years  after  exposure  and  are  tliemsclves  subject  to 
measure.nent  error.  Thus,  in  most  analyses,  the  values  of  in  this  study  are  small. 

Clinical  Interpretation  of  Discrete  versus  Continuous  Data 

Small  but  significant  mean  differences  in  a  continuously  measured  health  variable  (t.g., 
systolic  blood  pressure)  between  exposed  and  unexposed  groups  when  there  are  no 
corresponding  differences  in  the  percentage  of  abnormal  tests  are  difficult  to  assess  in  any 
study.  In  this  study,  significant  mean  differences  are  sometimes  observed  without  a 
corresponding  group  difference  in  the  proportion  outside  the  normal  range.  Such  contrasting 
situations  may  be  interpreted  as  spurious  outcomes  of  no  clinical  consequence,  or  as  a 
subclinical  dioxin  effect  Significant  trends  in  the  mean  with  increasing  levels  of  dioxin  arc 
interpreted  as  a  dioxin-related  effect  if  a  corresponding  trend  is  seen  in  the  proportion  above 
or  below  the  normal  range. 

Minimal  versus  Maximal  Results 

The  minimal  and  maximal  assumptions  for  Ranch  Hands  having  background  dioxin 
levels  (^10  ppt)  were  imposed  to  address  the  unknown  exposure  history  of  this  subgroup. 
There  were  345  Ranch  Hands  in  this  “unknown"  category.  In  the  minimal  analyses,  all  of 
these  were  excluded  from  the  data  set  In  the  maximal  analyses,  only  those  with  less  than  or 
equal  to  5  ppt  (n=124)  were  excluded.  The  intent  of  these  two  analyses  was  to  “crap”  the 
true  dioxin  versus  health  relationship  between  them.  The  results  of  the  maximal  analyses 
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appear  to  be  statistically  significant  more  often  than  those  of  the  minimal  analyses.  This 
could  be  due  to  the  larger  sample  size  of  the  maximal  cohort  or  it  could  be  due  to  the 
uncertainty  of  true  exposure  in  Ranch  Hands  between  5  ppt  and  10  ppL  There  are  no 
additional  data  available  at  this  dme  with  which  to  resolve  these  two  interpretations. 

Graphics 

The  histograms,  scatter  plots,  and  graphical  descriptions  of  interactions  were  included 
as  aids  to  interpretation.  The  graphics  alone  are  not  sufficient  to  assess  the  relationship 
between  dioxin  and  health.  For  example,  a  trend  may  be  seen  in  a  plot,  but  it  could  be 
statistically  nonsignificant  because  the  number  of  abnormalities  is  small.  On  the  other  hand, 
a  statistic^y  significant  result  can  be  clarified  by  the  graphics,  especially  if  the  result 
depends  on  a  few  data  points  that  appear  far  from  the  main  cluster.  Such  points  are  termed 
“outliers”  by  statisticians.  Outside  of  the  initial  quality  control  review  activities,  no 
additional  effort  was  made  to  identify  statistically  significant  outliers  in  this  report. 

The  Checkmark  Pattern 

In  many  model  3  analyses,  the  “unknown”  Ranch  Hand  group  has  the  lowest 
percentage  of  abnormalities;  this  phenomenon  is  termed  “the  checkmark  pattern.”  These 
patterns  are  interesting  but  are  without  explanation  at  this  time.  Some  reanaiyses  were 
accomplished  with  adjustment  for  military  rank  (officers,  enlisted  personnel),  but  the 
checkmark  pattern  remained  after  adjustment  This  effect  will  be  a  subject  of  continued  focus 
in  future  reports. 

Extrapolation  to  Army  Ground  Troops 

Extrapolation  of  the  serum  dioxin  results  to  the  general  population  of  ground  troops  who 
served  in  Vietnam  is  difficult  because  Ranch  Hand  and  ground  troop  exposure  situations  were 
quite  different  Based  on  serum  dioxin  testing  results  done  by  CDC  (7)  and  others  (8), 
nearly  all  ground  troops  tested  have  current  levels  of  dioxin  similar  to  background  levels. 

Even  ground  troops  who  served  in  herbicide-sprayed  areas  of  Vietnam  had  current  levels 
indistinguishable  from  levels  in  men  who  never  left  the  United  States  (with  means  of  4.2  ppt 
and  4.1  ppt,  respectively).  The  AFHS  subgroup  most  like  the  ground  troops  in  terms  of 
current  dioxin  levels  are  Ranch  Hands  who  currently  have  background  levels  of  dioxin  (10  ppt 
or  less — designated  as  the  “unknown”  current  dioxin  category  in  the  model  3  analyses). 
Therefore,  if  the  results  of  the  AFHS  arc  applied  to  the  general  population  of  Viemam 
veterans,  the  focus  should  be  on  the  unknown  Ranch  Hand  versus  background  Comparison 
contrast  in  the  model  3  analyses.  However,  extrapolating  the  results  of  these  analyses  to 
Viemam  veterans  should  still  be  made  cautiously.  There  may  be  demographic  distinctions 
between  the  unknown  group  of  Ranch  Hands  and  other  Viemam  veterans  that  may  be  related 
to  health.  Also,  if  Ranch  I^ds  in  the  unknown  current  dioxin  category  showed  a  significant 
health  detriment  relative  to  Comparisons  in  the  background  category,  but  there  was  no 
significant  detriment  for  Ranch  Hands  in  the  high  current  dioxin  category,  the  biological 
plausibility  of  such  an  effect  would  be  questionable  because  this  would  not  indicate  a  dose- 
response  effect.  In  general,  the  adjusted  model  3  analyses  found  that  Ranch  Hands  in  the 
unlmown  current  dioxin  category  did  not  show  a  significant  hearth  detriment  relative  to 
Comparisons  in  the  background  current  dioxin  category.  T’is  was  particularly  true  for  the 
variables  that  exhibited  a  significant  high  venus  background  contrast 
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Summary  of  Results 

Many  readers  of  this  report  will  attempt  to  tally  statistically  significant  results  across 
clinical  areas  and  study  cycles.  A  study  of  this  scope  with  a  multitude  of  endpoints  and  no 
prescribed  strength  of  association  to  declare  an  effect  demands,  and  at  the  same  time  defies, 
meaningful  summary  tabulation.  Such  summaries  can  be  misleading  because  they  ignore 
correlations  between  the  endpoints,  correlations  between  study-cycle  results,  and  the 
nonquantifiable  medical  importance  of  each  endpoint  In  fact  many  endpoints  arc  redundant 
(e.g.,  psychological  scales  and  indices  developed  from  combining  multiple  variables)  so  as  not 
to  miss  a  dioxin  effect  and  some  (such  as  those  arising  from  measures  of  pulmonary  function) 
were  not  suspected  beforehand  to  be  related  to  dioxin  exposure. 

In  addition,  such  tabulations  combine  endpoints  that  medically  are  not  comparable.  For 
example,  a  diminished  sense  of  smell  is  of  less  medical  importance  than  the  presence  of 
malignant  neoplasm.  Statisticians  have  attempted  to  summarize  multidimensional  repeated 
measures  data  with  growth  curve  analyses.  Such  methods  were  not  used  in  this  study 
because  they  apply  to  continuously  distributed  data  only,  do  not  account  for  medical 
importance,  and  reduce  the  data  too  much. 

Nevertheless,  given  the  lack  of  adequate  summary  statistics,  the  tally  of  signirlcant 
results  will  occur.  Such  summaries  can  be  misleading  and  must  be  inteqjreted  carefully. 

CONCLUSION 

The  interpretation  of  the  AFHS  requires  careful  consideration  of  potential  biases, 
interactions,  consistency  of  results,  the  multiple-testing  artifact,  dose-response  patterns, 
trends,  power  limitations,  strength  of  association,  and  biological  credibility. 
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CHAPTER  2 


DIOXIN  ASSAY 


SAMPLE  ACQUISITION 

Blood  for  the  scrum  dioxin  assay  was  drawn  on  the  morning  of  the  second  day  of  the 
physical  examination  in  1987.  Participants  who  volunteered  to  give  blood  for  tlic  dioxin  assay 
fasted  after  midnight  (water  was  allowed).  Blood  was  drawn  from  the  participants  with  a  15- 
gauge  needle  into  a  blood  pack  unit  without  anticoagulant.  The  blood  pack  units  had  been 
tested  previously  by  the  Centers  for  Disease  Control  (CDQ  and  were  found  to  be  free  of 
dioxin  contamination.  Participants  selected  for  the  immunology  studies  had  250  ml  of  blood 
drawn;  all  others  had  350  ml  of  blood  drawn.  After  drawing,  the  bags  were  clamped,  labeled, 
placed  upright  at  room  temperature,  and  allowed  to  clot  for  7  hours.  Appendix  B-1  contains 
the  Serpps  Qinic  and  Research  Foundation’s  (SCRF)  procedure  for  the  dioxin  blood 
collection  and  processing. 

The  unit  bags  were  centrifuged  for  15  minutes  at  4500  RPM  at  a  temperature  of  4’C  to 
10*C.  The  scrum  was  then  transferred  to  transfer  packs  (also  dioxin-free)  from  the  spun  unit 
bag  by  a  plasma  extractor.  Tne  transfer  packs  were  spun  for  15  minutes  at  4500  RP.M.  The 
serum  was  then  placed  into  four  Wheaton  bottles:  two  4-ounce  bottles  for  the  serum  dioxin 
analysis,  a  5  mi  bottle  for  the  lipid  profile,  and  a  10  ml  bottle  for  reserve  serum.  Samples 
were  logged  and  stored  at  -20*C  or  less  until  shipment  Frozen  samples,  packed  in  dry  »>.c  in 
styrofoam  boxes,  were  shipped  rvice  weekly  from  SCRF,  La  Jolla,  California,  to  Brooks  Air 
Force  Base,  Texas.  At  Brooks  Air  Force  Base,  inventory  was  taken  and  the  specimens  were 
stored  at  -70*C  until  shipment  to  the  CDC.  AH  samples  were  coded  so  that  the  CDC  was 
blinded  to  the  group  stanrs  (Ranch  Hand,  Comparison)  of  each  specimen. 

ANALYTICAL  METHOD 

The  serum  samples  were  analyzed  for  dioxin  in  analytical  runs  that  consisted  of  a 
method  blank,  three  unknown  samples,  and  a  quality  contro'  pool  sample  (1,2).  Cholesterol 
esters,  triglycerides,  and  high-density  lipoprotein  cholesterol  were  determined  in  duplicate  by 
standard  methods.  Total  phospholipids  were  determined  in  duplicate  by  modifying  (3)  the 
Folch  et  al.  procedure  (4).  Fresh  cholesterol  was  determined  in  duplicate  by  an  enzymatic 
method  (5).  For  each  analysis,  the  results  of  the  duplicate  analyses  were  averaged  and  the 
mean  was  used.  These  results  were  used  to  calculate  the  concentrations  of  fa)  total  lipids 
using  the  summarion  method  (6),  (b)  low-density  lipoprotein  cholesterol,  and  (c)  very  low- 
density  lipoprotein  cholesterol  (7). 

QUALITY  CONTROL 

Quality  assurance  was  maintained  with  matrix-based  materials  that  arc  well 
characterized  for  dioxin  concentration  and  isotope  ratios  to  ensure  that  the  analytical  system 
was  in  control.  Quality  control  (QQ  charts  were  maintained  for  each  of  these  materials  (five 
serum  pools).  The  concentration  in  the  QC  sample  from  each  analytical  run  must  be  within  99 
percent  confidence  limits  established  for  the  QC  material  (8,  9).  The  unlabelcd  and  carbon- 13 
labeled  internal  standard  isotope  ratios  must  be  within  95  percent  confidence  limits.  All 
analytical  runs  for  the  dioxin  and  lipid  measurements  were  in  control.  No  dioxin  was  detected 
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TABLE  2-1. 


Report  Field  Definition 


Report 

Field 

Value 

Definition 

G 

Good  result 

GML 

Good  result,  missing  lipids 

GND 

Good  result,  below  limit  of  detection 

GNQ 

Good  result,  below  limit  of  quantitation 

NR 

No  result 

in  the  blanks  (on-column  injection  of  100  femtograms  from  a  standard  solution  produces 
detectable  signals  that  are  greater  than  three  times  the  background  noise). 

DATA  DELIVERED  TO  THE  AIR  FORCE  BY  THE  CENTERS  FOR  DISEASE 
CONTROL 

The  dioxin  data  used  in  this  report  were  derived  from  a  data  base  of  results  on  932 
Ranch  Hands  and  888  Comparisons  delivered  by  the  (TDC  in  January  1990.  The  CDC  sent 
data  on  whole-weight  and  lipid-weight  dioxin  concentrations  to  the  Air  Force  together  with 
the  total  sample  weight,  weights  of  lipid  fractions,  total  lipid  weight,  the  detection  limit, 
quantitation  limit,  and  all  associated  QC  information,  including  results  from  blank  samples. 
Table  2-1  defines  a  “report”  field  in  the  data  base. 


Some  participants  (150  Ranch  Hands  and  50  Comparisons)  participated  in  a  pilot  dioxin 
study  in  April  1987  (8).  Four  of  these  (three  Ranch  Hands  and  one  Comparison)  had  a 
missing  dioxin  result  (report=NR),  the  rest  had  good  results  (report=G).  The  remaining  147 
Ranch  Hands  and  49  Comparisons  were  uicluded  in  the  dioxin  data  base  from  which  the 
analysis  data  set  for  this  repon  was  derived.  Of  these,  145  Ranch  Hands  and  48 
Comparisons  were  also  fully  compliant  to  the  1987  physical  examination.  Forty-seven  of  the 
pilot  study  participants  (43  Ranch  Hands  and  4  Comparisons)  also  had  blood  drawn  for  the 
dio>M  assay  at  the  1987  physical  examination  (May  1987  through  March  1988).  If  a 
participant  was  assayed  during  the  pilot  study  but  not  at  the  1987  physical  examination,  or  if 
he  was  assayed  at  the  pilot  study  and  at  the  1987  physical  examination,  then  his  pilot  study 
assay  was  used. 


Table  2-2  shows  counts  of  study  participants  by  group,  rcpiort,  and  compliance  to  the 
1987  physical  examination. 
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TABLE  2-2. 


Sample  Sizes  by  Group,  Report,  and  Compliance  to  the 
1987  Physical  Examination 


Report 

_ Ranch  Hand 

_ Comparison 

Fully 

Compliant 

Noncompliant 

Fully 

Compliant 

Noncompliant 

G 

858 

2 

761 

1 

GML 

0 

0 

1 

0 

GND 

8 

0 

43 

0 

GNQ 

20 

0 

51 

0 

tTR 

44 

0 

31 

0 

Total 

930 

2 

887 

1 

Missing  dioxin  results  (repon=NR  or  GML)  and  nonquantitatablc  dioxin  results 
(rcport=GNQ)  were  excluded  from  analysis  in  this  report.  The  resulting  effective  sample 
sizes  (866  Ranch  Hands  and  804  Comparisons)  were  determined  by  the  condition  that  the 
participants  were  fully  compliant  to  the  1987  physical  examination.  Table  2-3  summarizes 
this  sample  size  reduction. 


TABLE  2-3. 

Sample  Sizes  Used  in  This  Report 


Ranch  Hand 

Comparison 

Fully  compliant  to  1987  physical 

examination  and  assayed  for  dioxin 

930 

887 

Report 

Less  GNQ 

(20) 

(51) 

NR 

(44) 

(31) 

GML 

(0) 

(1) 

Total 

866 

804 

:-3 


TABLE  2-4. 


Dioxin  Result  Summary  of  S66  Ranch  Hands  and  804  Comparisons 


Stratum 

Ranch  Hands _ 

Comoarisons 

n 

Median 

Range 

n 

Median 

Range 

Officer 

319 

7.8 

0-42.6 

291 

4.7 

Enlisted  Flyer 

148 

18.1 

0-195.5 

127 

4.0 

Enlisted  Groundcrew 

399 

24.0 

0-617.8 

386 

4.0 

0-54.8 

Total 

866 

12.8 

0-617.8 

804 

4.2 

Table  2-4  summarizes,  by  military  occupation  and  group,  the  dioxin  results  among  the 
866  Ranch  Hands  and  804  Comparisons  whose  results  were  used  in  analyses  of  dioxin 
versus  health  in  this  repon. 


The  95th,  98th,  and  99th  percentiles  of  the  Ranch  Hand  dioxin  distribution  were  110.8, 
168.0,  and  211.0  ppt;  the  corresponding  Comparison  percentiles  were  8.3,  10.2,  and  14.2  ppL 

CpC  subsequently  provided  314  Comparison  dioxin  results  after  January  1990  (the 
beginning  date  for  statistical  analyses  involving  Comparison  data).  Of  these  314  dioxin 
results,  253  had  a  repon  field  value  of  G  or  GND,  24  had  a  repon  field  value  of  GNQ,  and  37 
had  a  repon  field  value  of  NR  (no  result).  Of  the  253  Comparisons,  the  median  current  dioxin 
result  was  4.1  ppt,  the  range  of  levels  was  between  0  ppt  and  13.6  ppt,  and  the  first  and  third 
quartiles  were  2.9  ppt  and  5.8  ppt.  The  percentages  of  the  253  Comparisons  and  of  the  804 
Comparisons  analyzed  in  this  repon,  having  levels  less  than  10  ppt,  were  97.8  and  97.6, 
respectively.  A  statistical  contrast  of  the  dioxin  distributions  of  these  253  and  the  804 
Comparisons  included  in  this  repon  revealed  no  significant  difference  (p=0.15),  as  expected. 

The  phrase  “serum  dioxin”  is  used  throughout  this  repon  and  is  defined  as  the  serum 
lipid-weight  concentration  of  2,3,7,8-tetrachlorodibcnzo-p-dioxin  (TCDD).  Its  relationship 
with  dioxin  concentrations  in  other  compartments,  such  as  adipose  tissue,  is  a  subject  of 
continuing  research.  The  lipid-weight  dioxin  measurement,  also  called  “current  dioxin  body 
burden”  in  this  report,  is  a  derived  quantity  calculated  from  the  formula  ppt  =  ppq»102.6AV, 
where  ppt  is  the  lipid-weight  concentration,  ppq  is  the  actual  weight  of  dioxin  in  the  sample  in 
femtograms,  102.6  corrects  for  the  average  density  of  serum,  and  W  is  the  total  lipid  weight  of 
the  sample  (9).  The  correlation  between  the  scrum  lipid-weight  concentration  and  .adipose 
tissue  lipid-weight  concentration  of  TCDD  has  been  observed  to  be  0.98  in  50  persons  from 
Missouri  (10).  Using  the  same  data,  Patterson  et  al.  calculated  the  partitioning  ratio  of  dioxin 
between  acUpose  tissue  and  scrum  on  a  lipid-weight  basis  as  1.09  (95%  C.I.:  [0.97,1.21]). 

On  the  basis  of  these  data,  a  one-to-one  partitioning  ratio  of  dioxin  between  lipids  in  adipose 
tissue  and  the  lipids  in  serum  cannot  be  excluded.  Measurements  of  dioxin  in  adipose  tissue 
generally  have  been  accepted  as  representing  the  body  burden  concentration  of  dioxin.  The 


high  correlation  between  serum  dioxin  levels  and  adipose  tissue  dioxin  levels  in  their  study 
suggests  that  serum  dioxin  is  also  a  valid  measurement  of  dioxin  body  burden. 
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CHAPTER  3 


THE  RELATIONSHIP  BETWEEN  THE  EXPOSURE  INDEX  AND 
DIOXIN  BODY  BURDENS  IN  RANCH  HANDS 


INTRODUCTION 

An  increased  prevalence  of  adverse  health  effects  at  higher  levels  of  exposure 
represents  the  classic  dose-response  relationship  sought  in  any  study  of  environmental  or 
occupational  expostue  to  potentially  toxic  substances.  In  previous  Air  Force  Health  Snidy 
(AFHS)  reports,  the  potential  relationship  between  clinical  endpoints  and  herbicide  exposure 
in  Ranch  Hands  was  assessed  using  a  cdculated  estimate  of  TCDD  exposure,  hereafter 
called  the  exposure  index. 

The  exposure  index  was  constructed  solely  from  available  historical  data  to  measure  the 
potential  exposure  of  a  Ranch  Hand  to  any  of  four  2,3,7,8-tctrachlorodibcnzo-p-dioxin 
(TCDD)-containing  herbicides:  Herbicides  Orange,  Purple,  Pink,  and  Green  (1).  The  index 
was  only  an  estimate  of  exposure,  because  the  actual  concentration  of  TQ)D  in  the 
herbicides  varied  with  type  and  lot  as  well  as  with  individual  work  habits  and  duties.  The 
calculation  of  the  index  was  necessary  because  actual  measures  of  dioxin  exposure  on 
individuals  during  or  just  after  their  Southeast  Asia  tours  were  not  feasible  at  that  time. 

Exposure  Index  Definition 

The  exposure  index  for  a  Ranch  Hand  was  defined  as  the  product  of  a  TODD  weighting 
factor  and  the  gallons  of  TODD  herbicides  sprayed  during  his  tour  divided  by  the  number  of 
Ranch  Hands  sharing  his  duties  during  his  tour.  The  TCDD  weighting  factor  reflected  the 
estimated  relative  concentration  of  TCDD  in  the  herbicides  sprayed;  these  were  2  ppm  in 
Herbicide  Orange,  33  ppm  in  Herbicide  Purple,  66  ppm  in  Herbicide  Pink,  and  66  ppm  in 
Herbicide  Green,  as  determined  from  archived  samples  (1).  Based  on  procurement  records 
and  historical  spray  records,  a  combination  of  Herbicides  Green,  Pink,  and  Purple  was 
sprayed  between  January  1962  and  June  1965.  The  estimated  mean  concentration  of  TCDD  in 
this  combination  during  that  period  was  48  ppm.  The  “Herbs”  tape  and  other  data  sources 
(1)  indicate  that  only  Herbicide  Orange  was  sprayed  by  Operation  Ranch  Hand  after  1  July 
1965,  Normalizing  '.o  Herbicide  Orange,  the  weighting  factor  was  defined  as  24  for  a  Ranch 
Hand  with  a  tour  of  duty  before  1  July  1965  and  as  1  for  a  Ranch  Hand  with  a  tour  of  duty  after 
1  July  1965. 

A  table  showing  gallons  of  TCDD-containing  herbicide  sprayed  for  each  month  of  the 
Ranch  Hand  operation  was  constructed  using  data  derived  from  the  Herbs  tape. 

Contemporary  Historical  Evaluation  and  Combat  Repons,  and  quanerly  operations  reports. 
Gallons  of  Herbicides  Purple,  Pink,  and  Green  were  converted  to  Herbicide  Orange 
equivalents  based  on  the  TCDD  weighting  factor.  Appendix  B-2  contains  this  table. 

The  to»ir  dates  and  military  occupation  of  each  Ranch  Hand  were  verified  by  review  of 
military  records.  The  study  design  reduced  the  many  occupational  categories  (specified  by  an 
Air  Force  .Specialty  Code)  to  five:  (1)  officer-pilot,  (2)  officer-navigator,  (3)  officer-nonflying, 
(4)  enliste/i  flyer,  and  (5)  enlisted  groundcrew.  After  computing  the  index  for  each  Ranch 
Hand,  he  was  placed  in  one  of  three  exposure  categories  (“low,”  “medium,”  and  “high”) 
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TABLE  3-1. 


Exposure  Index  Categorization  of  866  Fully  Compliant 
Ranch  Hands  With  TCDD  Results 


Occupation 

Exposure 

Index 

Category 

Effective  Herbicide 
Orange  Gallons 
Conesponding  to 
Exposure  Index  Category 

Number  of  Ranch  Hand 
Participants  in 
Exposure  Index  Category 

OfBcer 

Low 

<35,000 

109 

Medium 

35,000-70,000 

104 

High 

>70,000 

106 

Enlisted 

Low 

<50,000 

43 

Flyer 

Medium 

50,000-85,000 

57 

High 

>85,000 

48 

Enlisted 

Low 

<20,000 

127 

Groundcrew 

Medium 

20,000-27,000 

139 

High 

>27,000 

133 

Total 

866 

according  to  the  tcrtiles  of  the  index  in  three  occupational  categories:  officer,  enlisted  flyer, 
and  enlisted  groundcrew.  The  officer  category  consisted  of  officers  who  were  pilots, 
navigators,  or  nonflyers.  Table  3-1  shows  counts  of  the  866  Ranch  Hands  who  subsequently 
had  scrum  levels  determined  and  who  were  fully  compliant  to  the  1987  examination  according 
to  their  assigned  exposure  index  category.  Nonflying  officers  were  assigned  an  exposure 
index  value  of  zero  and  were  placed  in  the  “low”  category  of  exposure. 


The  index  was  not  useful  for  assessing  the  exposure  of  any  specific  individual  because  it 
did  not  account  for  variation  in  exposures  due  to  work  habits  and  duties.  For  example,  it  was 
known  that  some  Ranch  Hand  enlisted  ground  personnel  primarily  were  occupied  with 
administrative  duties  and  probably  had  little  actual  contact  with  herbicides.  Other  enlisted 
Ranch  Hands  periodically  greased  an  emergency  dump  valve  inside  the  spray  tank.  To  do 
this,  the  Ranch  Hand  had  to  enter  the  spray  tank  and  apply  the  grease  to  a  valve  at  the 
bottom  of  the  tank  which  contained  at  least  2  inches  of  herbicide. 

In  past  reports,  ev^  clinical  endpoint  was  evaluated  for  a  dose-response  effect  versus 
the  calculated  exposure  index.  Few  significant  trends  were  found.  Those  that  were  found 
were  not  consistent  with  other  findings  or  were  medically  implausible  or  both. 
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The  Dioxin  Assay 

The  dioxin  assay  provides  a  direct  measurement  of  current  dioxin  burden  which, 
together  with  assumptions  regarding  the  decay  process,  provides  an  approximate  measure  of 
TCDD  exposure  in  Ranch  Hands  and  Comparisons.  The  assay  is  preferred  over  the 
calculated  exposure  index,  because  it  is  a  direct  rather  than  indirect  measure  of  TCDD 
exposure.  Confidence  in  the  assay  as  a  measure  of  TCDD  exposure  is  heightened  by  the 
following:  (a)  Ranch  Hand  results  are  generally  greater  than  those  of  the  Comparisons,  and 
(b)  Ranch  Hand  results  are  logically  placed  reladve  to  those  of  industrially  exposed 
individuals  and  people  exposed  to  TCDD  in  Seveso,  Italy  (2).  AdditionaUy,  differences  in 
TCDD  body  burdens  between  the  three  occupational  groups  within  the  Ranch  Hand  group  are 
in  accordance  with  recent  information  regarding  the  relative  exposure  of  the  occupational 
cohorts  gleaned  from  interviews  of  two  Ranch  Hand  crew  chiefs,  administered  before  any 
Ranch  Hands  were  assayed  for  TCDD.  Based  on  those  interviews,  it  appears  that  Ranch 
Hand  groundcrew  had  more  opportunity  for  cutaneous  exposure  than  enlisted  flyers  or  officers 
Md  that  enlisted  flyers  had  more  opportunity  than  officers  for  cutaneous  exposure  and 
inhalation  of  herbicide  spray.  These  aspects  will  be  investigated  during  an  analysis  of  a 
questionnaire  administered  to  all  assayed  Ranch  Hand  enlisted  ground  personnel  before  thev 
received  their  serum  dioxin  assay  results.  These  men  were  asked  whether  they  entered  the 
spray  tank  to  service  the  dump  valve  and  if  so,  how  often.  Other  questions  addressed  daily 
exposures  reponed  by  crew  chiefs  during  in-person  interviews  at  Brooks  Air  Force  Base  ' 
Texas,  in  1988. 

The  relative  position  of  the  Ranch  Hand  results  in  contrast  to  other  study  cohorts  lends 
credence  to  the  assay  as  a  measure  of  TCDD  exposure.  The  Ranch  Hand  serum  dioxin 
results  ^e  less  than  those  observed  in  people  exposed  in  Seveso,  Italy,  and  arc  greater  than 
those  obse^ed  in  U.S.  Army  ground  troops  and  the  Air  Force  Comparison  cohort  Ranch 
Hand  dioxin  results  arc  also  generally  less  than  those  observed  in  a  National  Institute  for 
^cupaaonal  Safety  and  Health  study  of  workers  who  produced  trichlorophenol  and  its 
denvatives  (3). 


The  Exposure  Index  versus  the  Dioxin  Assay 

.  ..  relationship  between  the  assay  results  and  the  exposure  index  provides  an 
indication  of  the  extent  to  which  Ranch  Hands  have  been  misclassified  by  the  exposure  index, 
igure  3-1  shows  a  scatter  plot  of  the  extrapolated  initial  dioxin  concentrations  of  the  742 

cohort  (having  current  dioxin  greater  than  5  ppt;  see  Chapter  4, 
Statistical  Methods)  versus  the  continuously  distributed  exposure  index.  The  extrapolated 
inmal  ioxin  concentration  (1)  was  computed  from  the  current  dioxin  level  (C)  and  the  time  in 
ye^  between  ^cMd  of  the  Vietnam  tour  and  the  dioxin  blood  draw  (T)  with  the  formula  I  = 


.  .  distributions  are  highly  skewed,  hence  the  concentration  of  observations  near  the 
ongin.  Figure  3-2  shows  the  bivariate  scatter  plot  of  the  logarithms  of  these  auantities  The 


TJe  coraesponding  scatter  plots  of  current  dioxin  versus  the  exposure  index  and  the 
loganthms  of  these  quantities  in  all  866  Ranch  Hands  fully  compliant  to  the  1987  examination 
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FIGURE  3-2.  Logarithm  of  initial  Dioxin  versus  Logarithm  of  the  Exposure  Index 
in  Ranch  Hands  With  Current  Dioxin  Greater  Than  5  ppt  (N*742) 


a 
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having  a  dioxin  result  are  shown  in  Figures  3-3  and  3-4.  Figures  3-5  through  3-7  show  the 
logarithmic  scatter  plots  wthin  each  of  the  three  occupational  strata  (officer,  enlisted  flyer, 
enlisted  groundcrew).  One  ppt  was  added  to  each  current  dioxin  concentration  value  before  ’ 
taking  the  logarithm. 

The  relationship  between  the  assay  result  and  the  exposure  index  is  weak  in  view  of 
these  scatter  plots;  the  same  situation  holds  within  each  of  the  three  occupational  categories, 
as  evident  from  the  plots.  Using  only  nonzero  dioxin  and  exposure  index  values.  Table  3-2 
presents  correlations  between  the  logarithm  of  the  dioxin  results  and  the  logarithm  of  the 
exposure  index. 

Because  the  categorized  exposure  index,  rather  than  th  .  continuously  distributed  index 
shown  in  the  plots,  was  used  in  the  assessment  of  exposure  trends  in  prior  repons,  the 
relationship  between  this  categorized  index  and  categories  of  current  dioxin  is  also  of 
interest.  Table  3-3  shows  a  cross-tabulation  of  Ranch  Hands  using  the  prior  exposure  index 
versus  current  dioxin  levels.  Tlie  cutpoints  for  the  low,  medium,  and  high  current  dioxin  levels 

TABLE  3-2. 

Correlations  Between  Log  (Current  Dioxin)  and  Log  (Exposure  Index)  in 
Ranch  Hands  With  Current  Dioxin  and  Exposure  Greater  Than  Zero 


Stratum 

N 

Correlation 

p- Value 

Officer 

295 

0.10 

0.082 

Enlisted  Flyer 

143 

0.33 

Enlisted  Groundcrew  347 

0.12 

All 

785 

-0.10 

TABLE  3-3. 

Categorized  Exposure  Index  versus  Current  Dioxin 

Levels  in  Ranch  Hands 

Current 

Exnosure  Index 

Dioxin 

Level 

Zero 

Total 

0-5  ppt 

7 

52 

28 

37 

124 

Low 

Medium 

6 

6 

76 

109 

52 

134 

51 

121 

■i 

High 

0 

23 

86 

78 

187 

Total 

19 

260 

300 

287 
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FIGURE  3-4.  Logarithm  o#  Current  Dioxin  versus  Logarithm  of  the 
Exposure  index  in  Ranch  Hands  (N-866) 


Log  (Current  Dioxin) 


FIGURE  3-6.  Logarithm  of  Current  Dioxin  versus  Logarithm  of  the 
Exposure  Index  in  Ranch  Hand  Enlisted  Flyers  (N-148) 
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FIGURE  3-7.  Logarithm  of  Current  Dioxin  versus  Logarithm  of  the 
Exposure  index  in  Ranch  Hand  Enlisted  Groundcrew  (N“399) 


are  those  used  in  tabular  displays  for  the  maximal  assumption  (see  Explanation  of  Tables 
section  in  Chapter  4).  The  0-5  ppt  level  was,  of  course,  excluded  under  the  maximal 
assumption. 


Table  3-4  presents  a  breakdown  within  each  of  the  three  occupational  strata. 

Tables  3-5  and  3-6  show  the  relationship  between  initial  dioxin  body  burden  levels  and 
the  categorized  exposure  index.  Ranch  Hands  with  current  dioxin  less  than  or  equal  to  5  ppt 
were  assigned  a  “missing”  initial  dioxin  level.  The  outpoints  for  the  low,  medium,  and  high 
initial  dioxin  levels  are  those  used  in  tabular  displays  for  the  maximal  assumption  (see 
Explanation  of  Tables  section  in  Chapter  4). 

The  logarithm  of  the  current  dioxin  concentration  is  approximately  lognormally 
distributed.  Figure  3-8  shows  the  distribution  of  the  logarithm  of  one  plus  the  current  dioxin 
concentration  among  the  804  Comparisons  fully  compliant  to  the  1987  examination  and  having 

TABLE  3-4. 

Categorized  Exposure  Index  versus  Current  Dioxin  Levels  in 
Ranch  Hands  by  Occupation 


Current  _ 

Dioxin 

Occupation _ Level _ Zero 


Officer  0-5  ppt  7 

Low  6 

Medium  6 

High  0 

Total  19 

Enlisted  0-5  ppt  0 

Flyer  Low  0 

Medium  0 

High  0 

Total  0 

Enlisted  0-5  ppt  0 

Groundcrew  Low  0 

Medium  0 

High  0 

Total  0 


Low 

Medium 

High 

Total 

25 

19 

22 

73 

38 

41 

33 

118 

26 

44 

50 

126 

1 

0 

1 

2 

90 

104 

106 

319 

9 

3 

4 

15 

11 

4 

6 

21 

21 

35 

20 

76 

2 

15 

18 

35 

43 

57 

48 

148 

18 

6 

11 

35 

27 

7 

12 

46 

62 

55 

51 

168 

20 

71 

59 

150 

127 

139 

133 

399 

TABLE  3-5. 


e 
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Categorized  Exposure  Index  versus  Initial  Dioxin 
Level  in  Ranch  Hands 


Initial 

Dioxin 

Level 

_ ExTX?sure  Index _ 

Total 

Zero 

Low 

Medium 

High 

Missing 

7 

52 

28 

37 

124 

Low 

5 

87 

53 

4'j 

185 

Medium 

7 

99 

138 

127 

371 

High 

0 

22 

81 

83 

186 

Total 

19 

260 

300 

221 

866 

TABLE  3-6. 

Categorized  Exposure  Index  versus  Initial  Dioxin  Level  in 

Ranch  Hands  by  Occupation 

Occupation 

Initial 

Dioxin 

Level 

Zero 

Exposure  Index 

Low  Medium 

High 

Total 

Officer 

Missing 

7‘ 

25 

19 

22 

73 

Low 

5 

44 

39 

30 

118 

Medium 

7 

20 

46 

53 

126 

High 

C 

1 

0 

1 

2 

Total 

19 

90 

104 

106 

319 

Enlisted 

Missing 

0 

9 

3 

4 

16 

Flyer 

Low 

0 

11 

6 

3 

20 

Medium 

0 

21 

34 

21 

76 

High 

0 

2 

14 

20 

36 

Total 

0 

43 

57 

48 

148 

Enlisted 

Missing 

0 

18 

6 

11 

35 

Groundcrew 

Low 

0 

32 

8 

7 

47 

Medium 

0 

58 

58 

53 

169 

High 

0 

19 

67 

62 

148 

Total 

0 

127 

139 

133 

399 
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Rolative  Frequency 
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FIGURE  3-8.  Relative  Frequency  Distribution  of  the  Logarithm  of 
Current  Dioxin  in  Comparisons  (N-804) 
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a  dioxin  assay  result.  A  normal  distribution  was  fit  to  these  data  and  a  multiple  of  the 
probability  density  function  is  plotted  on  the  same  graph.  The  fit  is  improved  when  the 
histogram  is  restricted  to  those  Comparisons  (n=762)  having  positive  concentrations,  as 
shown  in  Figure  3-9.  The  histogram  of  the  logarithm  of  one  plus  current  dioxin  body  burden  in 
Ranch  Hands  is  shown  in  Figure  3-10  with  a  multiple  of  the  probability  density  function  of  the 
fitted  normal  distribution  shown  on  the  same  plot. 

SUMMARY 

The  indirectly  calculated  exposure  index  derived  solely  from  personnel  records  and 
historical  information  has  wide  precedent  in  epidemiology.  These  data  suggest  that  the  work 
history-based  exposure  index  methodology  should  be  reconsidered  in  studies  with  exposures 
of  short  duration  and  low  relative  risks.  The  correlation  between  the  AFHS  exposure  index 
and  the  dioxin  body  burden  (current  or  initial  levels)  is  weak  although  statistically  significant. 
Cross  tabulations  of  dioxin  body  burden  levels  versus  the  categorized  exposure  index,  shown 
in  Tables  3-2  through  3-6,  indicate  considerable  misclassification  if  the  dioxin  measure 
(initial  or  current  dioxin)  is  taken  as  the  standard. 

The  dioxin  measure  is  the  preferred  index  of  exposure  because  (a)  it  is  a  direct,  rather 
than  indirect  measure  of  exposure,  (b)  the  Ranch  Hand  levels  appear  logically  placed  relative 
to  other  cohons,  and  (c)  the  within-occupation  stratum  levels  appear  to  agree  with  exposure 
patterns  described  in  Ranch  Hand  crew  chief  interviews  conduct^  before  the  assay  became 
available  to  panicipants  in  the  AFHS. 

Estimates  of  initial  dioxin  exposure  will  be  improved  with  increased  knowledge 
regarding  its  elimination  in  humans.  New  data  in  the  Ranch  Hand  cohort  and  in  people 
exposed  to  dioxin  in  Seveso*  Italy,  will  be  collected.  The  Seveso  data  will  be  used  to 
evaluate  the  first-order  elimination  assumption.  Variation  in  half-life  with  disease  and 
changes  in  weight  and  body  fat  will  be  assessed  with  Ranch  Hand  data  if  the  first-order 
elimination  assumption  (see  Chapter  4)  is  supported  by  the  Seveso  data. 
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Relative  Frequency 


FIGURE  3-9.  Relative  Frequency  Distribution  of  the  Logarithm  of 
Current  Dioxin  in  Comparisons  With  Current  Dioxin 
Greater  Than  Zero  (N-762) 
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FIGURE  3-10.  Relative  Frequency  Distribution  of  the  Logarithm 
of  Current  Dioxin  in  Ranch  Hands  {N-866) 
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CHAPTER  4 


STATISTICAL  METHODS 

This  chapter  summarizes  statistical  methods  that  were  used  for  investigating 
relationships  between  serum  dioxin  measurements  and  health  status  of  Ranch  Hands  and 
Comparisons.  Current  body  burden  dioxin  levels  were  determined  by  the  Centers  for  Disease 
Control  (CDC)  from  serum  samples  taken  from  Ranch  Hands  and  Comparisons.  A  variety  of 
statistical  procedures  were  applied  to  evaluate  the  relationships  between  specific  health 
endpoints  and  dioxin,  as  measured  from  these  scrum  samples. 

MODELS  AND  ASSUMPTIONS 

Prior  Knowledge  Regarding  Dioxin 

This  study  presents  statistical  analyses  based  on  assumptions  and  models  that  were 
conceived  in  1988  after  the  publication  of  the  Ranch  Hand  dioxin  pilot  study  and  half-life 
substudy.  At  that  time,  available  data  regarding  the  elimination  of  dioxin  in  humans 
suggested  that 

•  Measurements  following  the  ingestion  of  dioxin  by  an  individual  showed  that  dioxin 
elimination  appeared  to  be  by  first-order  mechanisms  (1). 

•  Air  Force  data  on  36  Ranch  Hand  veterans  with  dioxin  body  burdens  measured  in 
blood  drawn  in  1982  and  in  1987  produced  a  median  half-life  estimate  of  7.1  years  (2). 
The  lack  of  correlation  between  individual  half-lives  and  current  dioxin  levels 
supponed  the  first-order  elimination  assumption. 

•  Assay  results  on  932  Ranch  Hands  and  888  Comparisons  showed  that  the 
concentrations  were  lognormally  distributed  with  the  Ranch  Hand  distribution 
significantly  shifted  to  the  right  of  the  Comparison  distribution.  Tne  Comparison 
median  was  4.2  ppt;  the  98th  percentile  of  the  Comparison  distribution  was  10.17  ppt. 
The  Ranch  Hand  median  was  12.8  ppt  and  the  98th  percentile  was  168  ppt.  Based  on 
these  data,  levels  at  or  below  10  ppt  were  considered  background. 

The  term  “elimination”  denotes  the  overall  removal  of  dioxin  from  the  body.  Some 
analyses  in  this  repon  assume  that  the  amount  of  dioxin  in  the  body  (C)  decays  exponentially 
with  time  according  to  the  model  C  =  I»exp(-rT),  where  I  is  the  initial  level,  r  =  log2/H,  H  is 
the  half-life,  and  T  is  the  time  between  the  end  of  the  Vietnam  tour  and  the  dioxin  blood  draw 
at  the  1987  physical  examination;  this  exponential  decay  law  is  termed  fint-ordcr  elimination 
in  this  repon. 

The  first-order  elimination  assumption  is  not  equivalent  to  assuming  a  one  compartment 
Model  for  dioxin  distribution  within  the  body.  While  a  multicompartment  model  incorporating 
body  composition  and  2,3,7 ,8-tctrachlorodibenzo-p-dioxin  (TCDD)  binding  to  tissue 
receptors  would  provide  a  detailed  description  of  dioxin  concentrations  in  different 
compartments,  published  multicompartment  models  for  TCDD  distribution  within  the  body 
predict  first-order  elimination  of  TCDD,  overwhelmingly  due  to  fecal  excretion  (3).  Direct 
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assessment  of  the  first-order  assumption  with  serial  dioxin  results  taken  over  many  years  on 
a  number  of  exposed  individuals  has  not  been,  as  yet,  carried  out. 

The  term  “body  burden”  refers  to  the  serum  lipid-weight  concentration  of  TCJD, 
expressed  in  parts  per  trillion  (4,  5).  The  lipid-weight  dioxin  measurement,  also  called 
current  dioxin  body  burden  in  this  report,  is  a  derived  quantity  calculated  from  the  formula 
ppt  =  ppq»102.6/W,  where  ppt  is  the  lipid-weight  concentration,  ppq  is  the  actual  weight  of 
dioxin  in  the  sample  in  femtograms,  102.6  corrects  for  the  average  density  of  serum,  and  W  is 
the  total  lipid  weight  of  the  sample  (4). 

The  relationship  between  the  serum  lipid-weight  concentration  of  dioxin  and  lipid- 
weight  concentrations  in  adipose  tissue  is  a  subjea  of  continuing  research.  The  correlation 
between  the  serum  lipid-weight  concentration  and  adipose  tissue  lipid-weight  concentration 
of  dioxin  has  been  observed  by  Patterson  et  al.  to  be  0.98  in  50  persons  from  Missouri  (6). 
Using  the  same  data,  Patterson  et  al.  calculated  the  partitioning  ratio  of  dioxin  between 
adipose  tissue  and  serum  on  a  lipid-weight  basis  as  1.09  (95%  C.I.:  [0.97,1.21]).  On  the 
basis  of  these  data,  a  one-to-one  partitioning  ratio  of  dioxin  betwe  m  lipids  in  adipose  tissue 
and  the  lipids  in  serum  cannot  be  excluded.  Measurements  of  dioxin  in  adipose  tissue 
generally  have  been  accepted  as  representing  the  body  burden  concentration  of  dioxin.  The 
high  correlation  between,  serum  dioxin  levels  and  adipose  tissue  dioxin  levels  in  the 
Patterson  et  al.  smdy  suggests  that  serum  dioxin  is  also  a  valid  measurement  of  dioxin  body 
burden. 

Fundamental  Limitations  of  the  Serum  Dioxin  Data 

There  are  two  evident  limitations  to  the  available  data: 


1 )  While  Ranch  Hand  and  ingestion  data  do  not  appear  to  violate  a  first-order 
elimination  assumption,  no  serially  repeated  dioxin  assay  results  taken  over  many 
years  are  available  yet  with  which  to  evaluate  directly  the  adequacy  of  the  first- 
order  elimination  model  in  humans. 

2)  At  this  time,  it  has  not  been  determined  whether  Ranch  Hands  with  dioxin  burdens 
at  or  below  10  ppt  were  exposed  and  their  body  burdens  had  decayed  to  background 
levels  since  their  duty  in  Viemam  or  whether  they  were  not  exposed  at  all  during 
their  tour  in  Viemam. 


Health  versus  Dioxin  in  Ranch  Hands 

Because  first-order  elimination  is  suggested,  but  not  validated  directly  in  humans,  the 
dioxin  versus  health  relationship  was  assessed  within  Ranch  Hands  using  two  models.  The 
first  model  directly  depends  upon  the  first-order  elimination  assumption;  the  second  docs  not. 
In  combination,  these  two  models  circumvent  the  first  fundamental  limitation  by  assessing 
the  dioxin  versus  health  relationship  with  and  without  first-erder  elimination.  Table  4-1 
shows  these  two  models,  their  assumptions,  advantages,  and  disadvantages  for  a  con¬ 
tinuously  distributed  health  variable  y. 
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In  Table  4-1,  the  phrase  “single  dioxin  dose"  is  a  simplificadon  of  the  process  by  which 
Ranch  Hands  accumulated  dioxin  during  their  tour  of  duty  in  Vietnam.  This  process,  which 
undoubtedly  varied  from  individual  to  individual,  is  unknown.  However,  the  Ranch  Hand  tours 
generally  were  short  (1  to  3  years)  relative  to  the  time  elapsed  since  their  toun.  Hence, 
additional  knowledge  regarding  the  accumulation  of  dioxin  during  an  individual  Ranch  Hand’s 
tour,  were  it  to  become  available,  likely  would  not  change  conclusions  drawn  from  any  of  the 
statistical  analyses  presented  in  this  report. 

Analyses  based  on  model  1  are  dependent  directly  on  the  first-order  elimination 
assumption,  while  those  based  on  model  2  are  not  With  model  1  one  assumes  that 
elimination  is  first-order  and  that  the  half-life  is  7.1  years  for  all  Ranch  Hands.  With  model  2 
one  assumes  nothing  about  the  kinetics  of  dioxin  elimination  other  than  Ranch  Hands 
received  a  dose  in  Viemam  a-.d  that  their  body  burdens  have  decreased  in  an  unspecified 
manner  with  time.  Thus,  with  model  1  one  assumes  “everything”  is  known  about  dioxin 
elimination  in  Ranch  Hands;  with  model  2  one  assumes  “nothing”  about  dioxin  elimination  in 
Ranch  Hands.  All  health  data  were  analyzed  with  both  models  to  reduce  the  likelihood  that 
an  effect  would  be  missed  due  to  incorrect  assumptions  regarding  dioxin  elimination. 

The  introduction  of  the  time-by-current  dioxin  interaction  term  (bjTlog.,  [C])  in  model  2 
allows  investigation  of  the  dioxin  health  relationship  with  respect  to  rime.  For  example,  such 
an  effect  would  be  detected  by  model  2  if  there  was  no  relationship  between  health  and  dioxin 
in  the  first  few  years  after  exposure  and  a  strong  positive  relationship  many  years  after 
exposure.  In  this  case,  if  the  effect  were  strong  enough,  it  would  be  detect^  by  the 
interaction  coefficient  (b3)  being  significantly  different  from  zero.  Following  that,  analyses 
within  time  strata  would  find  the  coeffirient  (bj)  of  logj  (C)  significantly  different  from  zero 
and  positive  for  large  values  of  time  (T);  no  significant  difference  between  bj  and  0  for  small 
values  of  T  would  be  found.  It  is  important  to  note  that  a  significant  effect  of  this  kind  could 
be  due  to  the  passage  of  time  or  to  a  higher  initial  dioxin  level  received  by  Ranch  Hands  in  the 
later  time  stratum  or  both  of  these. 

Analyses  based  on  models  1  and  2  were  carried  out  both  adjusted  and  unadjusted  for 
covariates. 

No  additional  data  or  other  information  exist  to  determine  whether  any  of  the  Ranch 
Hands  with  background  levels  (^10  ppt)  of  current  dioxin  (n=345)  received  a  dose  above 
background  levels’in  Vietnam.  To  accommodate  this  lack  of  knowledge,  all  analyses  based 
on  models  1  and  2  were  carried  out  with  these  Ranch  Hands  excluded.  Additionally,  since  10 
ppt  may  be  considered  arbitrary  or  too  conservative,  all  analyses  based  on  models  1  and  2 
were  carried  out  with  Ranch  Hands  having  less  than  or  equal  to  5  ppt  (n=124)  excluded. 

With  the  second  approach,  it  is  assumed  that  Ranch  Hands  currently  having  more  than  5  ppt 
(the  approximate  Comparison  median)  were  exposed  in  Vietnam  and  those  with  less  than  5 
ppt  were  not  These  two  assumptions  are  termed  “minimal”  (Ranch  Hands  with  more  than 
10  ppt  were  exposed  in  Vietnam)  and  “maximal”  (Ranch  Hands  with  more  than  5  ppt  were 
exposed  in  Vietnam). 
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TABLE  4-1. 


Models  1  and  2  for  Assessing  Health  versus  Dioxin  in  Ranch  Hands  Only: 
Assumptions,  Advantages,  and  Disadvantages 


Model  1:  y  =  Pq  Pl^ogsCO  +  c 
where 

y  =  health  variable 

I  =  extrapolated  initial  dose,  assuming  first-order  elimination,  I  =  C»cxp(log2»T/H) 

T  as  time  between  the  end  of  the  Viemam  Ranch  Hand  tour  of  duty  and  ±e  1987  physical 
examination 

C  **  current  dioxin  body  burden,  determined  in  1987 

H  a*  dioxin  half-life  in  Ranch  Hands  assuming  first-order  elimination  (7.1  years) 
e  =s  zero  mean  normal  error 

Assumptions:  Ranch  Hands  received  a  single  dioxin  dose  in  Victnim  and 

background  exposure  thereafter. 

Ranch  Hands  experienced  first-order  dioxin  elimination  with  a 
constant  known  half-life  of  7.1  years. 

The  error  variance  does  not  change  with  health  stams  (y)  or  initial 
dioxin  dose  (I). 

Advantages:  Easily  intcrpretable. 

Most  efficient  if  first-order  elimination  and  constant  half-life  are 
valid  assumptions  and  y  is  linearly  related  to  log2{I) 

Disadvantages:  Will  be  biased  if  first-order  elimination  or  constant  half-life 
assumption  is  not  valid. 

Docs  not  address  time-related  effects. 
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TABLE  4-1.  (Continued) 

Models  1  and  2  for  Assessing  Health  versus  Dioxin  in  Ranch  Hands  Only: 
Assumptions,  Advantages,  and  Disadvantages 


Model  2:  y  =  Pq  Pllog2(C)  +  P2T  +  p3Tlog2(C)  +  e 
where 

y  =  health  variable 

T  =  time  between  the  end  of  the  Viemam  Ranch  Hand  tour  of  duty  and  the  1987  physical 
examination 

C  =  current  dioxin  body  burden,  determined  in  1987 
c  =  zero  mean  normal  error 


Assumptions:  Ranch  Hands  received  a  single  dioxin  dose  in  Vietnam  and 

background  exposure  thereafter. 

Ranch  Hand  dioxin  body  burdens  changed  with  time  (T)  in  the  same 
way  for  all  individuals. 

The  dioxin  venus  health  relationship  may  change  with  time  (T). 

The  error  variance  does  not  change  with  values  of  the  health 
variable  (y),  the  current  dioxin  body  burden  (C),  time  (T),  or  the 
produa  of  time  and  the  logarithm  of  the  current  dioxin  body  burden 
(T  Iog2[C]). 

Advantages:  Docs  not  depend  on  any  panicular  elimination  law  or  half-life 

assumptions. 

Assesses  time-related  effects. 


Disadvantages:  Less  easily  interpreted  than  model  1. 

Less  efficient  than  model  1  if  first-order  elimination  and  constant 
half-life  are  valid  assumptions  and  y  is  linearly  related  to  log2(I). 

Biased  if  any  of  the  assumptions  are  violated. 
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In  summary,  to  address  the  second  fundamental  limitation,  two  assumptions  about 
Ranch  Hands  with  current  dioxin  body  burdens  less  than  10  ppt  were  made.  These  minimal 
and  maximal  assumptions  are 


•  Minimal  assumption:  Ranch  Hands  with  less  than  or  equal  to  10  ppt  were  not 
exposed  to  dioxin  in  Vietnam 

•  Maximal  assumption:  Ranch  Hands  with  less  than  or  equal  to  5  ppt  were  not 
exposed  to  dioxin  in  Vietnam. 


The  terms  minimal  and  maximal  were  given  because  fewer  Ranch  Hands  were  exposed 
under  the  minimal  than  under  the  maximal  assumption.  The  numbers  5  and  10  correspond  to 
the  approximate  median  and  98th  percentile  of  the  Comparison  current  dioxin  distribution. 
Based  on  this  Comparison  dioxin  distribution,  current  dioxin  levels  less  than  10  ppt  are  called 
background  levels. 

To  assess  the  dioxin  versus  health  relationship  while  addressing  the  second 
fundamental  limitation,  all  analyses  based  on  models  1  and  2  were  carried  out  under  the 
minimal  and  again  under  the  maximal  assumptions.  Under  the  minimal  assumption.  Ranch 
Hands  with  less  than  or  equal  to  10  ppt  were  excluded  from  the  analyses.  Under  the  maximal 
assumption.  Ranch  Hands  with  less  than  or  equal  to  5  ppt  were  excluded  from  the  analyses. 

Table  4-2  shows  counts  of  exposed  Ranch  Hands  under  the  minimal  and  maximal 
assumptions  with  initial  and  current  dioxin  trichotomized  for  tabular  presentation.  Ranch 
Hands  under  the  maximal  assumption  are  termed  the  “maxinaal  cohort”;  those  under  the 
minimal  assumption  are  termed  the  “minimal  cohort”  The  time  between  the  end  of  tour  and 
the  1987  physical  examination  is  dichotomized  at  18.6  years  (corresponding  approximately  to 
the  year  1969),  the  approximate  median  of  the  maximal  cohort  The  outpoints  for  stratifying 
dioxin  levels  (I  and  Q  were  the  approximate  25th  and  75th  percentiles  and  were  specific  to  a 
panicular  cohon. 

Health  versus  Dioxin  in  Ranch  Hands  and  Comparisons 

Finally,  an  assessment  of  the  health  consequences  of  current  dioxin  body  burdens  above 
background  was  earned  out  with  a  third  model  (model  3)  that  required  no  assumptions  about 
when  or  how  increased  dioxin  body  burdens  were  attained  and  was  applied  to  both  Ranch 
Hand  and  Comparisor.  data.  This  model  assessed  health  versus  categorized  current  dioxin 
body  burden  (D)  with  four  levels,  found  in  Table  4-3. 

The  cutpoint  between  the  low  and  high  categories,  33.3  ppt,  is  the  approximate  median 
dioxin  level  of  Ranch  Hands  having  more  than  15  ppt.  Ranch  Hands  having  between  1C  ppt 
and  15  ppt  w^  excluded  from  these  categorized  dioxin  analyses  in  an  attempt  to  avoid 
miscl^sification  of  Ranch  Hands  to  the  unknown  and  low  categories  due  to  various  sources 
of  variation  in  the  dioxin  measuremenL 


Table  4-4  shows  counts  of  participants  within  each  level  of  categorized  current  dioxin. 
The  relationship  between  current  health  and  categorized  dioxin  body  burden  was  based  on 
the  model  shown  in  Table  4-5. 


TABLE  4-2. 

Ranch  Hand  Sample  Sizes  Under  the  Minimal  and  Maximal  Assumptions 


Initial  Dioxin  (T) 

_ Current  Dioxin  fCl 

Assumption 

Stratum 

Name 

Stratum 

Count 

Stratum 

Til  8.6 
Count 

T>18.6 

Count 

Minimal 

Low 

52<I<93 

130 

10<C<14.65 

72 

58 

Medium 

93<Ii292 

260 

14.65<C^5.75 

128 

132 

High 

292<I 

131 

45.75<C 

54 

77 

Total 

521 

254 

267 

Maximal 

Low 

25<I556.9 

185 

5<C^.01 

106 

79 

Medium 

56.9<I:S218 

371 

9.01<C^3.3 

191 

179 

High 

218<I 

186 

33.3<C 

83 

104 

Total 

742 

380 

362 

TABLE  4-3. 

Current  Dioxin  Body  Burden  (D)  Categorized  in  Ranch  Hands 
and  Comparisons  for  Model  3 


Value 


Definition 


Background 

Unknown 

Low 


High 


Comparisons  with  up  to  10  ppi 

Ranch  Hands  with  up  to  10  ppt 

Ranch  Hands  with  more  than  15  and  up  to  33.3  ppt 

Ranch  Hands  with  more  than  33.3  ppt 


TABLE  4-4. 

Counts  of  Participants  by  Level  of  Categorized  Current  Dioxin  (D) 


Level 

Count 

Background 

786 

Unknown 

345 

Low 

196 

High 

187 

Total 

U14 

TABLE  4-5. 

Model  3  for  Assessing  Health  versus  Categorized  Current  Dioxin 
Body  Burden  in  Ranch  Hands  and  Comparisons 


Model  3:  y  =  Pq  ® 

where 

y  =  health  variable 
D  =  categorized  current  dioxin 
e  =  zero  mean  normal  error 

Assumptions;  Dioxin  body  burden  has  accumulated  with  time. 

The  error  variance  docs  not  change  with  categorized  current  dioxin 
body  burden  (D). 

Advantage:  Requires  no  assumption  regarding  the  time  course  of  dioxin 

accumulation  or  eliminadon. 

Disadvantages:  Makes  no  use  of  prior  belief  that  Ranch  Hands  received  an 
unusually  large  dioxin  dose  in  Vietnam. 

Docs  not  address  time-related  effects. 


In  addition  to  assessing  the  overall  mean  change  in  the  healA  variable  (y)  with  levels  of 
categorized  current  dioxin  (D),  the  mean  values  of  y  within  the  unknown,  low,  and  high 
categories  were  contrasted  with  the  mean  values  of  y  within  the  background  category. 

Figure  4-1  summarizes  the  current  dioxin  levels  used  in  modds  1,  2,  and  3. 

Data  Error 

After  the  serum  dioxin  analyses  were  well  underway,  an  error  was  discovered  with 
respect  to  the  race  of  one  Comparison.  The  participant  (subject  36410)  was  listed  in  the  data 
base  as  a  non-Black  when  in  fact  he  was  a  Black.  The  ComparisM  was  a  49-ycar-old  at  the 
Baseline  examination  and  he  was  a  member  of  the  enlisted  groundcrew  cohort  His  current 
serum  dioxin  value  was  3.97  ppt  as  determined  from  the  assay  performed  on  the  1987 
examination  serum  sample.  The  following  abnormal  medical  conditions  were  noted  for  this 
individual:  hepatomegiy,  reponed  and  verified  hypertension,  hyperpigmentation,  and  acne. 
The  data  error  was  corrected  for  the  cardiovascular,  malignancy,  and  dermatology 
assessments.  Because  the  individual  was  a  Comparison  only  the  model  3  analyses  of  the 
other  clinical  area  assessments  were  affeaed. 

Bias  Calculations 

In  any  epidemiologic  study,  investigators  must  be  concerned  with  avoiding  spurious 
conclusions  that  arc  attributable  to  limitations  in  study  design  or  analysis.  The  introduction 
of  the  dioxin  assay  as  the  measure  of  exposure  in  this  study  has  provided  die  best  available 
information  regarding  dioxin  exposure  in  Ranch  Hands  and  Comparisons.  Uncertainties 
remain,  however,  regarding  the  choice  of  statistical  models  with  which  to  assess  the  relation¬ 
ship  between  dioxin  and  health. 

Biased  results  will  be  pjroduccd  if  the  assumptions  underlying  any  of  the  three  statistical 
models  are  violated.  Of  the  three  models,  model  1  is  the  most  vulnerable  to  this  kind  of  bias, 
since  it  depends  directly  on  two  unvalidated  assumptions:  (a)  that  dioxin  elirriinarion  is  first- 
order  and  (b)  all  Ranch  Hands  eliminate  dioxin  at  the  same  rate  (all  Ranch  Hands  have  the 
same  dioxin  half-life  of  7.1  years).  Air  Force  investigators  currently  are  gathering  additional 
data  to  evaluate  both  assumptions.  The  original  half-life  study  on  36  Ranch  Hands  is  being 
expanded  to  approximately  500  Ranch  Hands.  Assuming  that  dioxin  elimination  is  first- 
order,  this  larger  study  will  allow  an  assessment  of  half-life  variability  with  weight  changes, 
percent  body  fat  changes,  and  disease  since  exposure.  Additionally,  the  Air  Force  is 
collaborating  with  the  CDC  and  Italian  health  authorities  to  assay  serum  collected 
periodically  from  people  exposed  in  the  Seveso  accident  These  data  will  consist  of  five 
dioxin  measurements  taken  over  a  period  of  10  years  on  20  males  who  were  adults  at  the 
time  of  the  accident  and  will  allow,  for  the  first  time,  a  direct  assessment  of  the  first-order 
eiimiiiation  assumption  in  humans. 

Until  the  Ranch  Hand  half-life  study  is  expanded,  the  only  available  information 
regarding  half-life  variation  in  Ranch  Hands  is  *at  derived  from  the  smaller  cohort  of  36 
subjects.  Unpublished  analyses  of  half-life  heterogeneity  among  those  36  Ranch  Hands 
suggest  that  half-life  varies  with  relative  weight  changes  between  1982  and  1987.  With 
relative  weight  changes  dichotomized  at  the  median  (2.7%),  the  18  Ranch  Hands  below  the 
median  have  an  estimated  half-life  of  9.7  years  (95%  C.I.;  [6.8,17.3])  and  the  18  Ranch 


4-9 


I 


(idd)  uixoia  inrues  luaiinQ 


FIGURE  4-1.  Ranges  of  Current  Serum  Dioxin  Levels  Used 
in  Different  Analysis  Models 


Hands  above  the  median  have  an  estimated  half-life  of  6^  yean  (95%  CL:  [5.0,8.0]).  The 
analysis  showed  a  significant  difference  between  these  two  half-lives  (p=0.02).  The  two 
confidence  intervals  overlap  because  they  are  not  derivable  from  the  test  for  equality  of  half- 
lives.  “Apparent”  half-life  decreases  may  be  due  to  weight  gain  because  of  dilution  of  the 
body  burden  when  it  is  redistributed  to  the  new  adipose  tissue.  Conversely,  when  there  has 
been  weight  loss,  the  body  burden  may  be  redistributed  in  less  adipose  tissue  and  the  serum 
concentration  increases. 

If  these  results  are  generalized  to  all  Ranch  Hands,  statistical  inference  based  on  model 
1  will  be  biased.  For  example,  if  the  first-order  elimination  assumptioi  is  valid,  but  the 
constant  half-life  assumption  is  not,  and  there  is  no  misclassificadon  with  regard  to  health 
status,  odds  ratios  expressing  the  reladonship  between  health  and  dioxin  based  on  model  1 
will  be  biased  toward  unity.  That  is,  a  misspccification  of  a  constant  half-life  when,  in  fact, 
half-life  changes  with  weight  changes,  will  lead  to  misclassificadon  with  regard  to  dioxin 
level  and  therefore  reduce  our  ability  to  detect  an  associadon  between  health  and  dioxin.  To 
evaluate  this  possibility,  the  bias  induced  in  the  odds  rado  under  the  maximal  assumption  and 
the  computation  of  initial  dioxin  body  burden  assuming  a  constant  half-life  of  7.1  years  (when 
in  fact  50  percent  of  Ranch  Hands  have  a  dioxin  half-life  of  6  years  and  the  other  50  percent 
have  a  dioxin  half-life  of  10  years)  was  calculated  (7).  In  carrying  out  this  calculation,  it  was 
assumed  that  initial  dioxin  had  been  dichotomized  to  high  and  low,  with  Ranch  Hands 
assigned  to  the  high  category  if  their  calculated  initial  dioxin  level  was  greater  than  218  ppt 
and  assigned  to  the  low  category  if  their  level  was  less  than  218  ppt  The  sample  sizes  of  the 
real  maximal  cohort  were  used  in  the  calculation;  1 86  Ranch  Han^  had  a  high  initial  dose  and 
556  had  a  low  initial  dose.  With  these  assumptions,  76.3  percent  of  Ranch  Hands  assigned 
to  the  high  category  and  6.1  percent  assigned  to  the  low  category  truly  had  an  initial  dose 
above  218  ppt  The  resultant  bias  in  the  odds  ratio  due  to  this  misclassification  depends  on 
the  true  value  of  the  odds  ratio  and  the  disease  prevalence  in  the  low  category.  For  example, 
if  the  true  odds  ratio  is  2.0  and  the  disease  prevalence  in  the  low  initial  dioxin  category  is  5 
percent  this  misclassificadon  will  produce  an  odds  ratio  of  1.7.  Table  4-6  shows  other  values 
of  the  biased  odds  ratio  produced  by  this  misclassification  for  true  odds  ratios  from  1  to  3  and 
the  disease  prevalence  in  the  low  initial  dioxin  category  held  fixed  at  5  percent  There  is  no 
bias  under  assumptions  if  there  is  no  association  between  initial  dioxin  and  disease  (true 
odds  ratio  equal  to  1.0). 


Model  2  also  may  be  biased  if,  as  suggested  by  the  weight  change  analysis  on  the  36 
Ranch  Hands  in  the  half-life  study,  50  percent  of  Ranch  Hands  are  fast  dioxin  eliminators 
(having  a  short  half-life)  and  50  percent  of  Ranch  Hands  are  slow  eliminators  (with  a  longer 
half-life).  If  this  attribute  is  not  taken  into  account  in  the  analysis  (such  as  through 
adjustment  for  relative  weight  change),  then  the  odds  ratio  relating  disease  to  dioxin 
exposure  will  be  biased  toward  unity.  Again,  disease  status  is  assumed  to  be  determined 
without  error.  For  example,  if  slow  eliminators  experience  an  effect  that  docs  not  become 
expressed  until  20  years  after  exposure,  if  fast  eliminators  do  not  experience  the  effect,  and  if 
the  analysis  is  not  adjusted  for  relative  weight  change,  then  the  ability  of  the  model  to  detect 
the  effect  will  be  attenuated  by  the  lack  of  adjustment.  The  extent  of  this  bias  toward  the  null 
depends  on  the  nature  of  the  four-factor  interaction  between  health,  current  dioxin,  time,  and 
relative  weight  change,  as  well  as  upon  the  disease  prevalence  among  Ranch  Hands  with  low 
dioxin  levels  at  each  combination  of  categories  of  time  and  relative  weight  change.  Bias 
calculations  for  this  scenario,  therefore,  arc  more  complicated  and  speculative  than  those 
presented  for  model  1  and  were  not  pursued  further. 


TABLE  4-^. 


Biased  Odds  Ratios  Produced  by  a  Misspecification  of  the  Half-Life  in  the 
Calculation  of  the  Initial  Dioxin  Body  Burden  in  Model  1,  Assuming  a 
Disease  Prevalence  of  5  Percent  in  Ranch  Hands  Having  a 
Low  Calculated  Initial  Dose 


True  Odds 

Ratio 

Biased  Odds 

Ratio 

1.0 

1.0 

IJ 

1.3 

2.0 

1.7 

15 

2.0 

3.0 

2.2 

Model  3  requires  fewer  assumptions  than  models  1  or  2,  but  is  susceptible  to  bias  due 
to  tnisclassification  or  incorrect  modeling.  Biased  results  most  likely  are  to  occur  with  model 
Z  due  to  the  failure  to  adjust  for  an  important  covariate.  Every  attempt,  however,  has  been 
made  in  this  report  to  adjust  for  all  known  important  covariates. 

The  Correlation  Between  Initial  Dioxin  and  Current  Dioxin 

The  extrapolated  initial  dioxin  dose  is  correlated  highly  with  current  dioxin  level 
(correlation  coefficient  >0.98  for  both  the  minimal  and  maximal  cohorts).  The  same  high 
correlation  is,  of  course,  seen  between  the  logarithms  of  these  quantities.  The  reason  for  the 
high  correlation  is  that  the  initial  dioxin  dose  is  the  current  dioxin  body  burden  multiplied  by  2 
raised  to  the  power  T/7.1.  This  high  correlation  is  simply  an  expression  of  the  fact  that  if  the 
first-order  model  is  valid  and  if  dioxin  half-life  is  constant,  then  models  1  and  2  nearly  are 
redundant  because  the  variation  of  time  (T)  is  relatively  small  (see  Figure  4-2). 

FACTORS  DETERMINING  ANALYTICAL  METHOD 

For  a  specified  questionnaire-based  or  clinical  measurement  determined  from  the 
physical  or  laboratory  examination,  the  selection  of  an  analytical  method  was  dependent  on 
each  of  the  following: 


•  Dependent  Variable  Form 


Continuous  or  discrete 


•  Scrum  Dioxin  Estimate  —  Initial  dioxin,  current  dioxin  and  time  since  tour,  or 

categorized  current  dioxin  incorporating  group 
membership 

•  Analysis  Type  —  Unadjusted,  adjusted,  or  longitudinal 
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FIGURE  4-2.  Relative  Frequency  Distribution  of  End  of  Tour  Year 
in  Ranch  Hands  Under  the  Maximai  Assumption  (N-742) 


•  Analysis  Cohort(s)  —  Ranch  Hands:  minimal  assumption.  Ranch  Hands: 

maximal  assumption,  and  defined  subsets  of  Ranch 
Hands  and  Comparisons  for  the  categorized  current 
dioxin  variable. 

Appendix  Table  C-1  specifies  30  separate  analysis  situations  based  on  dependent 
variable  form,  serum  dioxin  estimate,  analysis  type,  and  analysis  cohort  For  each  of  the  30 
situations,  the  statistical  method  is  specified. 

ANALYSIS  METHODOLOGIES 

As  in  previous  Air  Force  Health  Study  reports,  current  health  dependent  variables  can 
be  either  continuous  or  discrete.  For  the  former  case,  the  general  linear  model  approach  is 
the  basis  for  applying  such  techniques  as  simple  and  multiple  Hnear  regression,  analysis  of 
variance,  analysis  of  covariance,  and  repeated  measures  analysis.  This  approach  permits 
model  fitting  of  the  dependent  variable  as  a  function  of  dioxin,  relevant  covariates,  dioxin-by¬ 
covariate  interactions,  and  interactions  bersveen  covariates.  As  pan  of  the  previous  analyses 
of  1987  data,  the  health  variables  were  examined  to  ensure  that  assumptions  underlying 
statistical  methods  were  met.  Transformations  used  to  enhance  normality  for  specific 
continuous  health  variables  in  the  previous  analyses  of  1987  data  also  were  us^  for  the 
serum  dioxin  analysis.  For  these  continuous  analyses,  SAS®  GLM  (8)  was  used.  When  a 
“best”  model  was  fitted,  tesK  of  significance  for  a  dioxin  effect  were  made.  Associations 
with  a  p-value  less  than  or  equal  to  0.05  are  described  as  significant,  and  associations  with  a 
p-value  greater  than  0.05  but  less  than  or  equal  to  0.10  are  termed  marginally  significant  or 
borderline  sigmficant  If  there  was  a  significant  intenction  between  the  dioxin  variable  and 
any  covariate,  the  dioxin  effect  was  assessed  using  stratification  by  different  levels  of  the 
covariate(s)  involved  in  the  interaction. 

Discrete  dependent  variables  were  analyzed  by  methods  parallel  to  those  used  for 
continuous  variables.  For  dichotomous  variables,  logistic  regression  was  performed  using 
BMDP®-LR  (9).  For  polychotomous  dependent  variables,  log-linear  modeling  was 
performed  using  BMDP®-4F  (9)  by  incorporating  the  full  k-factor  interaction  term  involving 
the  k  covariates  used  in  the  model.  For  the  log-linear  modeling  approach,  covariate 
information  must  be  categorized.  Because  of  this  required  categorization  of  the  covariate(s), 
the  marginals  were  fixed  in  the  log-linear  model  (10),  effectively  converting  the  log-linear 
model  into  a  logit  model.  For  the  log-linear  model,  the  significance  of  the  relative  risk  for  a 
popular  categorized  dioxin  variable  (i.e.,  categorized  initial  dioxin,  categorized  current 
dioxin  and  categorized  time,  or  categorized  current  dioxin  for  specified  subsets  of  Ranch 
Hands  and  Comparisons)  was  determined  by  examination  of  the  appropriate  model,  as 
determined  by  the  model  that  includes  all  sutistically  significant  effects  and  a  dioxin 
measure,  or  by  examination  of  the  significant  interactions.  Adjusted  relative  risks  were 
derived  from  the  coefficients  of  the  appropriate  model. 


Selected  longitudinal  analyses  were  performed  investigating  changes  in  health  status 
between  1982  and  1987,  for  each  of  the  three  dioxin  analysis  models.  The  variables  selected 
for  longirudinal  study  were  chosen  prior  to  all  1987  examination  data  analyses.  In  the 
longitudinal  analysis  of  discrete  variables,  only  those  participants  whose  health  was 
classified  as  normal  in  1982  were  included  in  the  analysis  of  the  participants’  health  at  the 
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1987  examination.  Analysis  was  performed  in  this  manner  to  investigate  any  temporal 
effects  of  dioxin  in  the  subgroup  at  risk  (i.e.,  those  participants  who  could  become  abnormal 
over  the  time  span).  The  rate  of  abnormalities  under  this  restriction  approximates  an 
incidence  rate  between  1982  and  1987.  The  dependent  variable  in  this  type  of  analysis  was 
the  health  of  participants  at  the  1987  examination  whose  health  was  normal  in  1982.  The 
independent  variable(s)  were  the  appropriate  dioxin  measures. 

For  some  variables,  measurements  in  1985  were  substituted  for  1982  measurements 
because  the  variable  was  not  analyzed  at  the  1982  examination  or  inherently  was  different 
from  the  1987  variable.  For  example,  to  enhance  comparability,  the  longitudinal  analyses  for 
the  neurological  assessment  were  based  on  changes  between  1985  and  1987  bee-use  SCRF 
conducted  both  of  these  examinations. 

Both  the  general  linear  model  and  the  logistic  regression  model  approaches  were 
applied  using  covariate  information  in  either  the  discrete  or  the  continuous  form.  Table  4-7 
provides  a  summary  of  the  basic  statistical  methods  for  the  scrum  dioxin  analyses. 

MODELING  STRATEGY 

In  each  clinical  category,  many  covariates  were  considered  for  inclusion  in  the  statistical 
models  relating  specific  health  endpoints  and  dioxin.  The  large  number  of  covariates, 
consequent  interaction  terms,  and  resulting  difficulties  of  interpretation  obligated  the  adoption 
of  a  strategy  for  identifying  a  moderately  simple  model  using  a  stepwise  strategy,  as  defined 
below.  Interpretation  of  possible  dioxin  relationships  was  then  made  in  the  context  of  this 
simpler  model. 

In  general,  based  on  one  of  the  adjusted  analysis  models  described  in  Appendix  Table 
C-1,  an  initial  model  was  conscructcd  containing  any  requisite  two  or  three-factor  interaction 
terms.  As  a  first  step,  screening  was  performed  at  the  0.15  significance  level  to  eliminate 
unnecessary  two-  and  three-factor  interactions.  A  hierarchical  stepwise  deletion  strategy 
was  applied  at  the  0.15  significance  level  on  the  set  of  main  effect  covariates  (to  address 
possible  confounding  effects  between  the  covariates  and  dioxin)  and  at  the  0.05  significance 
level  for  interactions.  In  general,  the  only  effects  not  subject  to  the  deletion  strategy  were  the 
serum  dioxin  variables  of  interest  (i.e.,  initial  dioxin;  current  dioxin,  time  sinre  tour,  and 
current  dioxin-by-time  interaction;  categorized  current  dioxin).  With  the  objective  of 
producing  the  simplest  model,  other  lower-order  effects  were  retained  in  the  mcxlel  only  if 
involved  in  significant  higher-order  interactions.  Significant  interactions  between  covariates 
were  retained  as  terms  in  the  model. 

The  modeling  strategy  was  refined  slightly  for  adjusted  statistical  analyses  of  discrete 
dependent  variables  for  particular  clinical  areas  where  a  large  number  of  covariates  and/or 
sparse  number  of  abnormalities  were  encountered.  In  these  situations,  the  starting  model 
included  all  main  effects  and  excluded  all  interactions.  Main  effects  were  stepped  out  of  the 
model  if  the  associated  p-value  was  greater  than  0.15  and  interactions  were  entered  into  the 
model  if  the  associated  p-value  was  less  than  or  equal  to  0.05.  The  alternative  strategy  was 
used  to  avoid  overspecificarion  of  the  model  and  minimize  collinearity  among  terms  that  can 
lead  to  imprecise  parameter  and  standard  error  estimates. 
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TABLE  4-7. 


Summary  of  Statistical  Procedures 


Chi-square  Contingency  Table  Test 

The  chi-square  test  of  independence  (11)  is  calculated  for  a  contingency  table  by  the 
following  fonnula: 

x2-Kfo-fe)2/^ 

where  the  sum  is  taken  over  all  cells  of  the  contingency  table  and 
fo  =  observed  frequency  in  a  cell 

fe  =  expected  frequency  under  the  hypothesis  of  independence. 

Large  values  indicate  deviations  from  the  null  hypothesis  and  are  tested  for  sigrtificance 
by  comparing  the  calculated  to  the  tables  of  the  chi-square  distribution. 

Fisher’s  Exact  Test 

Fisher’s  exact  test  (11)  is  a  randomization  test  of  the  hypothesis  of  independence  for  a 
2x2  contingency  table.  This  technique  was  used  for  small  samples  and  sparse  cells. 
This  is  a  permutation  test  based  on  the  exact  probability  of  observing  the  particular  set 
of  frequencies,  or  of  one  more  extreme. 

Correlation  Coefficient  (Pearson’s  Product-Moment) 

The  population  correlation  coefficient  (12),  p,  measures  the  strength  of  the  linear 
relationship  between  two  random  variables  X  and  Y.  A  commonly  used  sample-based 
estimate  of  this  correlation  coefficient  is 


Z(-T,-xKy.-y) 


where  the  sum  is  taken  over  all  (x,y)  pain  in  the  sample.  A  Student’s  t-test  based  on 
this  estimator  is  used  to  test  for  a  significant  correlation  between  the  two  random 
variables  of  interest.  For  the  sample  size  of  521  (the  size  of  the  Ranch  Hand  cohort 
under  the  mirumal  assumption),  a  sample  correlation  coefficient  of  ±0.086  is  sufficient  to 
attain  a  statistically  significant  correlation  at  a  5  percent  level  for  a  two-sided 
hypothesis  test.  Assuming  normality  of  X  and  Y  for  the  sample  size  of  742  under  the 
maximal  assumption,  a  sample  coefficient  of  ±0.072  is  sufficient. 
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TABLE  4-7.  (Continued) 
Summary  of  Statistical  Procedures 


General  Linear  Models  Analysis 

The  form  of  the  general  linear  model  (13)  for  two  independent  variables  is 

Y  =  a  +  piXi  +  P2X2  +  P12X1X2  +  e 
where 

Y  =  dependent  variable  (continuous) 

o  =  level  of  Y  at  Xi  =  0  and  X2  =  0,  i.e.,  the  intercept 

X1.X2  =  measured  value  of  the  first  and  second  independent  variables,  respectively, 

which  may  be  continuous  or  discrete 

01.^2  =  coefficient  indicating  linear  association  between  Y  and  Xi,  Y  and  X2, 
respectively;  each  coefficient  reflects  the  effect  on  the  model  of  the 
corresponding  independent  variable  adjusted  for  the  effect  of  the  other 
independent  variable. 

P12  ®  coefficient  reflecting  the  linear  interaction  of  Xj  and  X2,  adjusted  for  linear 

main  effects 

E  =  error  term. 

This  model  assumes  that  the  error  terms  ai-e  independent  and  normally  distributed  with 
a  mean  of  0  and  a  constant  variance.  Extension  to  more  than  two  independent  variables 
and  interaction  terms  is  immediate. 

Simple  linear  regression,  multiple  linear  regression,  analysis  of  variance,  analysis  of 
covariance,  and  repeated  measures  analysis  of  variance  are  all  examples  of  general 
linear  models  analysis. 

Logistic  Regression  Analysis 

The  logistic  regression  model  (11,  14)  enables  a  dichotomous  dependent  variable  to  be 
modeled  in  a  regression  framework  with  continuous  and/or  discrete  independent 
variables.  For  two  risk  factors,  such  as  dioxin  and  age,  the  logistic  regression  model 
would  be 


logit  P  =  a  +  piXi  +  P2X2  +  P12X1X2  +  £ 


TABLE  4-7.  (Continued) 
Summary  of  Statistical  Procedures 


where 

P  =  probability  of  disease  for  an  individual  with  risk  factors  Xi  and  X2 

logit  P  =  In  (P/l-P),  i.e.,  the  log  odds  for  disease 

Xi  =  first  risk  factor,  e.g.,  dioxin 

X2  =  second  risk  factor,  e.g.,  age. 

The  parameters  are  interpreted  as  follows; 

a  =  log  odds  for  the  disease  when  Xi  =  0  and  X2  =  0 

3l  =  coefficient  indicating  the  dioxin  effect  adjusted  for  age 

P2  =  coefficient  indicating  the  age  effect  adjusted  for  dioxin 

P12  ®  coefficient  indicating  the  interaction  between  dioxin  and  age,  adjusted  for 
linear  main  effects 

e  ss  error  term. 

In  the  absence  of  an  interaction  (P12  =  0)  for  a  dichotomous  risk  factor  (e.g.. 
Comparisons,  Ranch  Hands),  cxp(Pi)  reflects  the  adjusted  odds  ratio  for  individuals  in 
group  1  (Xi  =  1)  relative  to  group  0  (Xj  =  0).  If  the  probability  of  disease  is  small,  the 
odds  ratio  will  be  approximately  equal  to  the  relative  risk.  In  the  absence  of  an 
interaction  for  a  continuous  risk  factor  (e.g.,  initial  dioxin  in  its  continuous  form), 
exp(pi)  reflects  the  adjusted  odds  ratio  for  a  unit  increase  in  the  risk  factor.  If  the  risk 

factor  is  expressed  in  logarithmic  (base  2)  form,  exp(Pi)  reflects  the  adjusted  odds  ratio 
for  a  twofold  increase  in  the  risk  factor. 

Throughout  this  report,  the  adjusted  odds  ratios  will  be  referred  to  as  adjusted  relative 
risks.  Correspondingly,  in  the  absence  of  covariates  (i.e.,  unadjusted  analysis),  the 
odds  ratios  will  be  referred  to  as  estimated  relative  risks. 

This  technique  will  also  be  used  for  longitudinal  analyses  of  dichotomous  dependent 
variables  to  examine  changes  in  health  status  between  1982  (or  1985)  and  1987  in 
relation  to  the  dioxin  measures. 


TABLE  4-7.  (Continued) 

Summary  of  Statistical  Procedures 

Log-linear  Analysis 

Log-b'near  analysis  (11)  is  a  statistical  technique  for  analyzing  cross-classified  data  or 
contingency  tables.  A  saturated  log-linear  model  for  a  three-way  table  is 

In  (Zijk)  =  Uo  +  Ui(i)  +  U2(j)  +  U3(ic)  +  Ui2(ij)  +  U23(jk)  +  Ui3(ik)  -t-  Ui23(ijk) 

where 

Zijk  =  expected  cell  count 

Ui(i)  =  specific  one-factor  effect 

Ul2(ij)  =  specific  two- factor  effect  or  interaction 

Ul23(ijk)  =  tfiree-factor  effect  or  interaction. 

The  simplest  models  are  obtained  by  including  only  the  significant  U-terms.  Adjusted 
relative  risks  are  derived  from  the  estimated  U-terms  from  an  adequately  fitting  model. 


In  the  analysis  of  a  particular  health  variable,  when  no  dioxin-by-covariate  interactions 
were  significant  at  the  0.05  level,  adjusted  means  (15)  or  relative  risks  were  presented.  If  a 
dioxin-by-covariate  interaction  was  significant  at  the  0.05  level,  the  behavior  of  the  dioxin 
variable  was  explored  for  different  levels  (categories)  of  the  covariate  to  identify 
subpopularions  for  which  a  dioxin  relationship  might  exist  Further,  for  illustrative  purposes, 
if  any  dioxin-by-covariate  interaction  was  significant  at  a  level  between  0.01  and  0.05,  the 
adjusted  means  or  relative  risks  also  were  presented,  after  dropping  the  interaction  terms 
from  the  model. 

In  some  instances  a  followup  model  also  was  performed  that  excluded  a  highly 
significant  interaction  (p<0.01).  This  optional  model  was  run  at  the  discretion  of  the  analyst 
in  an  attempt  to  simplify  the  interpretation  that  may  be  complicated  by  an  interaction  difficult 
to  explain  ^m  a  clinical  perspective. 

For  all  models  that  included  a  dioxin-by-covariate  interaction,  the  stratified  results 
presented  in  the  appendices  display  adjusted  relative  risks,  confidence  intervals,  and 
associated  p-values  determined  from  a  model  that  included  the  interaction  term.  However,  in 
the  model  2  analyses  the  p-values  for  the  stratified  current  dioxin-by-time  since  tour 
interaction  terms  were  determined  from  separate  models  for  each  covariate  stratum;  similarly 
in  the  model  3  analyses,  the  overall  p-values  were  determined  from  separate  models. 

The  adjusted  models  assessed  the  statistical  significance  of  interactions  between  dioxin 
and  the  covariates  to  determine  whether  the  relationship  between  dioxin  and  the  dependent 
variable  (health-related  endpoint)  differed  across  levels  of  the  covariate.  In  many  instances 
the  clinical  importance  of  a  statistically  significant  dioxin-by-covariate  interaction  is  unknown 
or  uheertain.  The  clinical  relevance  of  a  statistically  significant  interaction  would  be 
strengthened  if  tlie  same  interaction  penisted  among  related  endpoints.  It  is  recognized  that 
due  to  the  large  number  of  dioxin-by-covariate  interactions  that  were  examined  for 
approximately  300  variables,  some  of  the  dioxin-by-covariate  interactions  judged  significant 
at  the  0.05  level  might  be  spurious:  i.e.,  chance  occurrences  not  of  biologicaJ/clinical  relevance. 
This  should  be  considered  when  significant  dioxin-by-covariate  interactions  arc  interpreted. 

It  is  important  that  the  size  of  the  p-value  associated  with  each  dioxin-by-covariate 
interaction  be  weighed  carefully;  for  this  reason,  if  the  p-value  for  a  dioxin-by-covariate 
interaction  was  between  0.01  and  0.05,  the  adju.sted  means  or  relative  risks  (omitting  the 
interaction)  were  reported. 


For  the  neurology,  cardiovascular,  renal,  and  endocrine  clinical  assessments,  additional 
analyses  were  performed  when  cenain  covariates  were  reuined  in  the  final  model.  These 
covariates  were  variables  that  may  have  been  affected  by  dioxin  exp.  *urc  and  included 
diabetic  class  (neurology  and  renal),  percent  body  fat  (cardiovascular  and  endocrine),  and 
cholesterol  (cardiovascular).  Due  to  the  association  between  these  covariates  and  dioxin, 
both  the  statistical  and  clinical  interpretation  of  other  health  variables  can  be  affected. 
Analyses  were  consequently  performed  with  these  covariates  in  the  final  model,  and  with  the 
covariates  removed  from  the  model.  Tabular  results  with  these  covariates  in  the  model  are 
given  in  the  body  of  the  clinical  chapter,  results  with  these  covariates  removed  arc  given  in 
the  associated  chapter  appendix. 
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POWER 

Conducting  a  statistical  test  using  a  type  I  error,  also  called  alpha  level,  of  0.05  means 
that,  on  the  average  in  5  cases  out  of  100,  a  false  conclusion  would  be  made  that  an 
association  (dioxin  effect)  exists  when,  in  reality,  there  is  no  association.  The  other  possible 
inference  error  (called  a  type  n  error)  is  the  failure  to  detect  an  association  when  one  actually 
exists.  The  probability  of  a  type  n  error  for  a  statistical  test  is  1  minus  the  power  of  the  test. 
The  power  of  the  test  is  the  probability  that  the  test  will  reject  the  hypothesis  of  no  dioxin 
effect  when  an  effect  docs  in  fact  exist  The  power  of  a  test  depends  on  the  distribution  of  the 
dioxin  data,  the  sample  size,  the  disease  prevalence  rate,  and  the  true  dioxin  effect  measured 
in  terms  of  the  relative  risk. 

Table  4-8  contains  the  approximate  power  for  detecting  specified  relative  risks  for  a 
given  prevalence  rate  (discrete  dependent  variable),  using  initial  dioxin  in  its  continuous  form 
and  an  alpha  level  of  0.05  for  a  two-sided  test  under  the  minimal  assumption  (n=521).  The 
corresponding  power  under  the  maximal  assumption  is  slightly  higher.  Figure  4-3  presents  a 
graphical  display  of  the  power  at  different  prev^ence  rates,  where  the  different  curves 
represent  relative  risks  of  1.1,  1.2,  1.3,  1.4,  and  1.5.  Power  calculations  were  performed  using 
the  logarithm  (base  2)  of  initial  dioxin,  and  consequently  the  relative  risk  is  for  a  twofold 
increase  in  initial  dioxin.  These  calculations  also  assume  approximate  prevalences  at  the 
mean  Iog2  (initial  dioxin)  value  of  7.49,  corresponding  to  an  initial  dioxin  level  of  180  ppt. 

TABLE  4-8. 

Power  to  Detect  an  Initial  Dioxin  Effect  Based  on  the  Minimal 
Assumption  at  a  5  Percent  Significance  Level 
(Discrete  Dependent  Variable) 


Prevalence  _ Relative  Risk 

Rate  of 


Disease 

1.10 

1.20 

1.30 

1.40 

1.50 

1.75 

2.00 

0.005 

0.05 

0.07 

0.09 

0.12 

0.17 

0.33 

0.54 

0.01 

0.06 

0.09 

0.13 

0.20 

0.29 

0.56 

0.80 

0.02 

0.07 

0.12 

0.21 

0.34 

0.49 

0.82 

0.96 

0.03 

0.03 

0.16 

0.29 

0.46 

0.64 

0.93 

0.99 

0.04 

0.08 

0.19 

0.36 

0.57 

0.75 

0.97 

1.00 

0.05 

0.09 

0.22 

0.43 

0.65 

0.83 

0.99 

1.00 

0.10 

0.13 

0.36 

0.66 

0.88 

0.97 

1.00 

1.00 

0.15 

0.16 

0.47 

0.79 

0.95 

0.99 

1.00 

1.00 

0.20 

0.18 

0.55 

0.86 

0.97 

1.00 

1.00 

1.00 

1.00 


FIGURE  4-3.  Power  to  Detect  an  Initial  Dioxin  Effect 
(Discrete  Dependent  Variable) 


As  an  example,  using  age-adjusted  incidence  rates  for  all  U.S.  males  (based  on  data 
from  the  Surveillance  Epideraiolcgy  and  End  Results  program  of  the  National  Cancer 
Institute),  prevalence  rates  for  all  cancers,  non-Hodgkin’s  lymphoma  (NHL),  and  soft  tissue 
sarcoma  (STS)  were  estimated  as  0.07,  0.002,  and  0.001,  respectively.  Thus,  Table  4-8 
shows  at  least  a  power  of  0.80  to  detect  a  relative  risk  of  1.5  or  greater  given  an  estimated 
prevalence  of  0.07  for  all  cancers.  For  the  estimated  prevalences  of  NHL  and  STS,  the  power 
to  delect  a  relative  risk  of  2.0  would  be  less  than  0.50. 

Table  4-9  provides  the  same  information  for  continuous  variables  in  terms  of  coefficients 
of  variation  (100  times  the  standard  deviation  of  the  dependent  variable  divided  by  the  mean 
of  the  dependent  variable)  and  the  proportion  mean  change.  The  proportion  mean  change  in 
this  table  is  defined  as  the  change  in  the  expected  value  (mean)  of  the  dependent  variable  for 
a  twofold  increase  in  initial  dioxin  relative  to  the  dependent  variable  mean.  These  mean 
changes  are  evaluated  at  the  mean  log2  (initial  dioxin)  value  of  7.49,  corresponding  to  an 
initial  dioxin  level  of  180  ppt.  TTie  proportion  mean  change  corresponds  mathematically  to  the 
slope  of  the  initial  dioxin  variable  divided  by  the  dependent  variable  mean,  assuming  no 
transformation  of  the  dependent  variable.  An  analogous  quantity  can  be  derived  based  on 
transformed  statistics.  Figure  4-4  shows  a  graphical  display  of  the  power  at  a  given 
proportion  mean  change,  where  the  different  curves  represent  coefficients  of  variation  of  3,  !0. 
25,  50,  and  75.  In  this  study,  continuously  distributed  laboratory  results  were  subject  to  a 
laboratory-error  coefficient  of  variation  of  less  than  3  percent. 

TABLE  4-9. 

Power  to  Detect  an  Initial  Dioxin  Effect  Based  on  the  Minimal 
Assumption  at  a  5  Percent  Significance  Level 
(Continuous  Dependent  Variable) 


Coefficient  of  Variation  fer/u) 


Mean  Change 

5 

10 

25 

50 

75 

0.005 

0.78 

0.28 

0.09 

0.06 

0.05 

0.01 

1,00 

0.78 

0.20 

0.09 

0.07 

0.02 

1.00 

1.00 

0.59 

0.20 

0.11 

0.03 

1.00 

1.00 

0.91 

0.38 

0.20 

0.04 

i.OO 

1.00 

0.99 

0.59 

0.31 

0.05 

1.00 

1.00 

1.00 

0.78 

0.45 

0.10 

1.00 

1.00 

1.00 

1.00 

0.96 

4-23 


1.00 
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FIGURE  4-4.  Power  to  Detect  an  Initia!  Dioxin  Effect 
(Continuous  Dependent  Variable) 


TABLE  4-10. 

Location  of  Table  Results  from  Different  Analysis  Models 


Subpanel 
in  Table 

Dioxin 

Estimate 

Type  of 
Analysis 

Assumption 

a 

initial® 

unadjusted 

minifnal 

b 

initial® 

unadjusted 

maximal 

c 

initial® 

adjusted 

minimal 

d 

initial® 

adjusted 

maximal 

e 

r’UTcnt,  time® 

unadjusted 

minimal 

f 

ourrent,  time® 

unadjusted 

maximal 

g 

current,  time® 

adjusted 

minimal 

h 

current,  time® 

adjusted 

maximal 

i 

current^ 

unadjusted 

j 

current*’ 

adjusted 

-  - 

•  4Ranch  Hands  only. 

^Categorized  current  dioxin,  Ranch  Hands  and  Comparisons. 

EXPLANATION  OF  TABLES 

This  section  introduces  the  ntadcr  to  the  contents  of  the  tables  that  are  used  to  repon 
the  results  of  the  analyses  for  continuous  and  discrete  dependent  variables  (two  levels  and 
more  than  two  levels).  Selected  results  from  the  statistical  analysis  methods  applied  in  the 
hematology  assessment  (see  Chapter  13,  Hematologic  Assessment)  will  be  referenced 
throughout  this  discussion.  The  contents  of  each  summary  table  depend  on  the  form  of  the 
health  status  endpoint  (i.e.,  whether  the  dependent  variable  under  analysis  is  a  continuous  or 
discrete  variable).  Generally,  the  results  of  the  various  analyses  will  be  sumraarited  in 
subpanels  within  each  table  as  specified  in  Table  4-10.  The  subpancl  specifications  may  be 
slighdy  different  when  adjusted  analyses  arc  not  performed.  This  section  also  provides  an 
explanation  of  the  information  contained  in  these  tables. 

Continuous  Variables 

Table  13-3  presents  an  example  of  the  results  of  analysis  when  the  dependent  variable 
is  continuous.  Subpanels  (a)  and  (b)  report  summary  statistics  (for  the  minimal  and  maximal 
assumptions,  respectively)  assessing  the  association  between  the  dependent  variable  and 
initial  dioxin  without  adjusting  for  covariate  information.  Immediately  below  the  specified 
assumption,  the  aggregate  sample  size  (n)  and  the  coefficient  of  determination  (R2) 
associated  with  the  simple  linear  regression  of  the  continuous  dependent  variable  on  log2 
(initial  dioxin)  arc  presented.  Sample  sizes  also  arc  presented  for  low,  medium,  and  high 
categories  of  initial  dioxin.  The  numerical  values  defining  these  categories  are  specified  in  a 
table  footnote.  The  low,  medium,  and  high  categories  arc  based  on  the  lower  25th  percent, 
the  25th  to  75th  percent,  and  the  upper  25th  percent  of  the  initial  dioxin  estimates  for  the 
cohort  corresponding  to  the  specified  assumption.  Means  of  the  dependent  variable 
(transformed  to  the  original  units,  if  necessary)  are  calculated  from  the  dau  and  arc 
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presented  for  the  low,  medium,  and  high  initial  dioxin  categories.  Based  on  the  simple  linear 
regression  analysis,  die  estimated  slope  and  its  associated  standard  error  are  reported  for 
each  assumption.  If  the  dependent  variable  was  transformed  for  the  regression  analysis,  the 
means,  slope,  and  standard  error  are  footnoted  and  the  transformation  is  identified  in  the 
footnote.  The  p-valuc  associated  with  testing  whether  the  estimated  slope  is  equal  to  zero 
also  is  present^  under  both  assumptions. 


Based  on  analyses  that  incorporate  covariate  and  interaction  information,  subpanels  (c) 
and  (d)  report  summary  statistics  (for  the  minimal  and  maximal  assumptions,  respectively) 
assessing  the  association  between  the  dependent  variable  and  initial  dioxin.  Immediately 
below  the  specified  assumption,  the  aggregate  sample  size  (n)  and  the  multiple  coefficient  of 
determination  (R2)  are  presented  for  a  multiple  linear  regression  of  the  continuous  dependent 
variable  on  log2  (initial  dioxin)  including  covariate  and  interaction  effect  terms  in  the  ^justed 
model.  Similar  to  the  unadjusted  analyses,  sample  sizes  are  also  presented  for  low,  medium, 
and  high  categories  of  initial  dioxin.  T^e  numerical  values  defining  these  categories  are 
specified  in  a  table  footnote.  Sample  sizes  for  corresponding  panels  of  unadjusted  and 
adjusted  analyses  may  differ  because  of  missing  covariate  information.  Adjusted  means  of 
the  dependent  variable  (transformed  to  the  original  units,  if  necessary)  also  are  presented. 
The  adjusted  means  are  presented  for  the  low,  medium,  and  high  initial  dioxin  categories. 
Based  on  the  multiple  linear  regression  analysis,  the  adjusted  slope  for  the  log2  (initial 
dioxin)  term  and  its  associated  standard  error  are  reported  for  each  assumption.  If  the 
dependent  variable  was  transformed  for  the  regression  analysis,  the  adjusted  means, 
adjusted  slope,  and  standard  error  are  foomoted  and  the  transformation  is  identified  in  the 
foomote.  The  p-value  for  testing  whether  the  adjusted  slope  is  equal  to  zero  also  is 
presented  under  both  assumptions. 

Covariates  with  p-values  less  than  or  equal  to  0.15  and  interactions  with  p-values  or 
equal  to  0.05  retained  in  the  multiple  regression  model  after  implementing  the  modeling 
strategy  are  presented  under  covariate  remarks,  along  with  the  associated  p-values.  If  the 
multiple  regression  model  contains  a  significant  initial  dioxin-by-covariate  interaction  with  an 
associated  p-value  less  than  or  equal  to  0.01,  then  the  adjusted  means,  adjusted  slope, 
standard  error,  and  p-value  generally  are  not  reported.  The  entries  for  these  statistics  are 
reported  as  four  asterisks  (****)  and  are  identified  by  a  table  foomote.  Covariates  and 
interactions  retained  in  the  model  are,  however,  reported  under  covariate  remarks.  For  some 
clinical  assessments,  an  analyst  may  exercise  discretion  and  repon  the  adjusted  means, 
adjusted  slope,  standard  error,  and  a  p-value  from  a  model  that  excludes  the  interaction 
having  a  p-value  less  than  0.01.  When  these  discretionary  followup  analyses  are  performed, 
the  results  are  reported  along  with  three  asterisks  (***)  and  arc  explained  by  a  table 
foomote.  If  the  multiple  regression  model  contains  a  significant  initial  dioxin-by-covariate 
interaction  with  an  associated  p-value  between  0.01  and  0.05,  then  the  adjusted  means, 
^justed  slope,  standard  error,  and  p-value  arc  reported  from  a  model  that  excludes  that 
interaction.  The  entries  for  these  statistics  are  reported  along  with  two  asterisks  (**) 
accompanied  by  a  table  foomote.  In  either  case  (i.c.,  p^.Oi  or  0.01<p^0.05),  stratified 
analyses  are  undertaken  and  the  results  are  reponed  in  an  associated  appendix  for  each 
individual  clinical  area. 


Subpanels  (e)  and  (f)  of  Table  13-3,  for  example,  repon  summary  statistics  (for  the 
minimal  and  maximal  assumptions,  respectively)  assessing  the  association  of  the  dependent 
variable  with  current  dioxin  and  time  since  tour  without  adjusting  for  covariate  information. 
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Multiple  regression  techniques  are  used  to  generate  the  statistics  provided  in  both  panels.  In 
the  multiple  regression  model,  current  dioxin  is  included  as  a  continuous  variable  and  time 
since  tour  as  a  discrete  variable.  The  interaction  of  current  dioxin  and  time  since  tour  also  is 
included.  For  these  models,  time  since  tour  is  dichotomized  and  separate  statistics  are 
presented  on  the  association  between  the  dependent  variable  and  current  dioxin  within  each 
time  stratum.  For  each  subpanel,  the  aggregate  sample  size  (n)  and  the  coeffici  nt  of 
determination  (R^)  are  presented,  under  each  specified  assumption,  for  the  multiple  linear 
regression  model.  For  presentation  purposes,  current  dioxin  and  time  since  tour  both  are 
categorized.  The  numerical  values  defining  the  current  dioxin  categories  are  specified  in  a 
table  footnote.  The  low,  medium,  and  high  categories  arc  based  on  the  lower  25th  percent, 
the  25th  to  75th  percent,  and  the  upper  25th  percent  of  the  current  dioxin  estimates  for  the 
cohort  corresponding  to  the  specified  assumption.  The  value  of  18.6  years  for  time  since  tour 
corresponds  to  approximately  the  median  value  of  time  since  tour  in  the  Ranch  Hand  cohort. 
The  means  of  the  dependent  variable  (transformed  to  the  original  units,  if  necessary)  are 
calculated  from  the  data  and  are  presented,  along  with  sample  size,  for  the  combinations  of 
trichotomized  current  dioxin  and  dichotomized  time  since  tour.  The  first  p-value  within  each 
subpanel  evaluates  the  interaction  term  of  the  multiple  regression  using  current  dioxin  in 
continuous  form  and  time  since  tour  in  discrete  form.  The  p-valuc  for  the  interaction  term 
provides  a  test  of  the  equality  of  the  slopes  for  the  two  time  strata.  For  each  time  Siratum.  a 
simple  linear  regression  model  of  the  dependent  variable  on  current  dioxin  (log2  scale) 
provides  an  estimated  slope,  associated  standard  error,  *nd  p-value  for  testing  the 
significance  of  the  slope.  If  the  dependent  variable  was  transformed  for  regression  analysis, 
the  means,  slope,  and  .  tandard  error  are  footnoted  and  the  transformation  identified  in  the 
footnote. 

Incorporating  covariate  and  current  dioxin-by-dme-by-covariate  interaction  information 
into  the  analysis,  subpanels  (g)  and  (h)  repon  summary  statistics  (for  the  minimal  and 
maximal  assumptions,  respectively)  assessing  the  association  of  the  dependent  variable  with 
current  dioxin,  time  since  tour,  and  the  current  dioxin-by-time  interaction.  Multiple  linear 
regression  techniques  are  used  to  generate  the  statistics  provided.  In  the  overall  multiple 
regression  model,  current  dioxin  is  included  as  a  continuous  variable  and  time  since  tour  as  a 
discrete  variable.  The  interaction  of  current  dioxin  and  time  since  tour  also  is  included.  The 
test  of  die  interaction  of  current  dioxin  and  dme  since  tour  (i.e.,  the  first  p-value  in  each 
subpanel)  determines  whether  the  adjusted  slopes  of  the  two  time  strata  differ  significantly. 

Immediately  below  the  specified  assumption,  the  aggregate  sample  size  (n)  and  the 
multiple  coefficient  of  detenhination  (R^)  arc  presented  for  the  multiple  linear  regression  of 
the  continuous  dependent  variable  on  current  dioxin  (log2  scale),  time  since  tour,  the  current 
dioxin-by-time  interaction,  covariates,  and  other  interactions  retained  in  the  model.  For  each 
time  stratum  (^18.6  years  or  >18.6  years),  separate  statistics  relating  the  dependent 
variable  to  current  dioxin  (log2  scale)  are  prc.sented.  In  particular,  based  on  the  multiple 
linear  regression  analysis,  the  adjusted  slope  for  the  current  dioxin  term  0og2  scale),  its 
associated  standard  error,  and  a  p-value  for  testing  the  significance  of  the  slope  are  reported. 

Sample  sizes  also  are  presented  for  combinations  of  low,  medium,  and  high  categories  of 
current  dioxin  and  dichotomized  time  since  tour.  The  numerical  values  defining  these 
categories  are  specified  in  a  table  footnote.  Sample  sizes  for  corresponding  panels  of 
unadjusted  and  adjusted  analyses  may  differ  because  of  missing  covariate  information. 
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Adjusted  means  of  the  dependent  variable  (transformed  to  the  original  units,  if  necessary) 
are  presented.  The  adjusted  means  arc  presented  for  the  combinations  of  trichotomized 
current  dioxin  and  dichotomized  time  since  tour.  If  the  dependent  variable  was  transformed 
for  the  regression  analysis,  the  adjusted  means,  adjusted  slope,  and  standard  error  arc 
footnoted  and  the  transformation  is  identified  in  the  foomote. 

Covariates  (p-valucs  less  than  or  equal  to  0.15)  and  interactions  (p-valucs  less  than  or 
equal  to  0.05)  retained  in  the  multiple  regression  model  after  implemcndng  the  modeling 
strategy  are  presented  under  covariate  remarks,  along  with  the  associated  p-values.  If  the 
multiple  regression  model  contains  a  significant  current  dioxin-by-time-by-covariatc 
interaction  term  with  an  associated  p-value  less  than  or  equal  to  0.01,  then  tlie  adjusted 
means,  adjusted  slope,  standard  error,  and  p-value  generally  are  not  reported.  The  entries 
for  these  statistics  are  reported  as  four  asterisks  (***•)  and  arc  identified  by  a  table 
footnote.  Covariates  and  interactions  retained  in  the  model  arc,  however,  reponed  under 
covariatc  remarks.  For  some  clinical  assessments,  an  analyst  may  exercise  discretion  and 
report  adjusted  means,  adjusted  slope,  standard  error,  and  a  p-value  from  a  model  that 
excludes  the  intcracdon  having  a  p-value  less  than  0.01.  When  these  discredonory  followup 
analyses  arc  performed,  the  results  are  reponed  along  with  three  asterisks  (***)  and  arc 
explained  by  a  tabic  footnote.  If  the  muldple  regression  model  contains  a  significant  cunent 
dioxin-by-dme-by-covariate  interacdon  with  an  associated  p-value  between  0.01  and  0.05. 
then  the  adjusted  means,  adjusted  slope,  standard  error,  and  p-value  arc  reponed  from  a 
model  that  excludes  that  interacdon.  The  entries  for  these  stadsdes  are  reponed  along  with 
two  asterisks  (**)  accompanied  by  a  table  footnote.  In  cither  case,  intcracdoiis  are 
investigated  within  strata  of  the  covariate  and  reported  in  an  associated  appendix  for  each 
clinical  area. 

Subpaneis  (i)  and  (j)  of  Table  13-3,  for  example,  show  the  results  of  unadjusted  and 
adjusted  analyses  that  comp?je  the  means  of  a  continuous  dependent  variable  for  Ranch 
Hands  with  high,  low,  and  unknown  current  dioxin  levels  and  for  Comparisons  having 
background  current  dioxin  levels.  The  note  at  the  bottom  of  the  table  defines  the  four  current 
dioxin  categories.  Sample  sizes  for  each  category  and  across  the  four  categories  arc 
reported.  The  coefficient  of  determination  (R^)  tdso  is  presented. 

For  the  unadjusted  analysis,  dependent  variable  means  are  presented  for  each  category. 
If  the  dependent  variable  was  transformed  for  the  analysis,  the  means  of  the  transformed 
values  are  converted  to  the  original  scale  and  the  column  heading  is  footnoted.  A  test  of  the 
simultaneous  equality  of  the  four  category  means  is  evaluated  by  the  fini  p-value  cited.  If 
the  analysis  was  performed  on  a  transformed  scale,  the  p-value  column  is  foomoted  to 
indicate  that  the  p-value  is  based  on  the  difference  of  means  on  a  transformed  scale.  For  the 
individual  contrasts  of  the  three  Ranch  Hand  categories  versus  Comparison  background 
category,  differences  in  means  arc  reported  on  the  original  scale.  If  the  analyses  were 
performed  on  a  transformed  scale,  95  percent  confidence  intervals  on  the  differences  of  means 
are  not  presented  and  the  column  is  footnoted.  A  p-value  also  is  reported  to  determine 
whether  a  difference  in  means  for  a  specified  contrast  is  significantly  different  from  zero. 

For  an  adjusted  analysis,  the  table  is  modified  to  include  adjusted  means,  differences  in 
adjusted  means  (reported  on  the  original  scale),  95  percent  confidence  intervals  on  the 
differences  in  adjusted  means  (if  the  analysis  was  performed  on  the  original  scale):  and  any 
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covariatcs  and  interactions  retained  in  the  adjusted  modeJ  along  with  their  associated  p- 
values. 

Discrete  Variables 

Discrete  Variable  "With  Two  Categories 

Table  13-4  presents  an  example  of  the  results  of  analysis  when  the  dependent  variable 
is  discrete  and  dichotomous  in  form.  Subpanels  (a)  and  (b)  report  summary  statistics  (for  the 
minimal  and  maximal  assumptions,  respectively)  assessing  the  association  between  the 
dependent  variable  and  initial  dioxin  without  adjusting  for  covariatc  information.  Immediately 
below  the  specified  assumption,  the  aggregate  sample  size  (n)  associated  with  the  simple 
logistic  regression  of  the  continuous  dependent  variable  on  log2  (initial  dioxin)  is  presented. 
Sample  sizes  also  are  presented  for  low,  medium,  and  high  categories  of  initial  dioxin.  The 
numerical  values  defining  these  categories  arc  specified  m  a  able  footnote.  The  low,  medium, 
and  high  categories  are  based  on  the  lower  25th  percent,  the  25th  to  75th  percent,  and  the 
upper  25th  percent  of  the  initial  dioxin  estimates  for  the  cohon  corresponding  to  the  specified 
assumption.  The  percentage  of  Ranch  Hands  with  the  specified  dichotomous  characteristic 
(as  cited  in  the  column  heading)  is  calculated  from  the  data  and  presented  for  the  low, 
medium,  and  high  initial  dioxin  categoncs.  Based  on  the  simple  logistic  regression  model,  an 
estimated  relative  risk  and  its  associated  95  percent  confidence  interval  are  rtponed  for  each 
assumption.  The  p-valuc  associated  with  testing  whether  the  relative  risk  is  equal  to  one 
also  is  presented  for  both  assumptions.  The  relative  risk,  confidence  interval,  and  p-value 
arc  based  on  log2  (initial  dioxin)  in  its  continuous  form. 


Results  may  exhibit  a  significant  (p50.05)  p-valuc  associated  with  testing  whether  the 
relative  risk  is  equal  to  1.00,  while  the  corresponding  95  percent  confidence  interval  on  the 
relative  risk  contains  the  number  1.00.  These  results  occur  because  the  BMDP®-LR 
procedure  uses  a  normal  distribution  in  calculating  an  approximate  95  percent  confidence 
interval  and  a  chi-square  distribution  based  on  a  likelihood  radio  statistic  (9)  in  the 
determination  of  a  p-valuc.  Similarly,  the  results  may  exhibit  a  95  percent  confidence  interval 
of  a  relative  risk  that  does  not  contain  the  number  1.00,  while  the  corresponding  p-valuc  is 
not  significant  (p>0.05)  for  the  reasons  stated  above. 

Incorporating  covariate  and  interaction  information,  subpanrls  (c)  and  (d)  report 
summary  statistics  (for  the  minimal  and  mjiximuil  assumptions,  respectively)  assessing  the 
association  between  the  discrete  dependent  variable  and  initial  dioxin.  Immediately  below 
the  specified  assumption,  the  aggregate  sample  size  (n)  is  presented  for  a  multiple  logistic 
regression  of  the  discrete  dependent  variable  on  Iog2  (initial  dioxin)  including  covariate  and 
interactions  in  the  adjusted  model.  Based  on  the  multiple  logistic  regression  i.iodcl,  the 
adjusted  relative  risk  for  the  log2  (initial  dioxin)  term  and  its  associated  95  percent  confidence 
interval  are  reported  for  each  assumption.  The  p-valuc  for  testing  whether  the  adjusted 
relative  risk  is  equal  to  1  also  is  presented  under  both  assumptions.  Covariatcs  (p-valucs 
less  than  or  equal  to  0.15)  and  interactions  (p-valucs  less  than  or  equal  to  0.05)  retained  in 
the  multiple  regression  model  after  implementing  the  modeling  strategy  arc  presented  under 
covariate  remarks,  along  with  the  associated  p-valucs.  If  the  multiple  logistic  regression 
model  contains  a  significant  initial  dioxin-by-covaria:c  interaction  with  an  associated  p-value 
less  than  or  equal  to  0.0 1,  then  the  adjusted  relative  risk.  95  percent  confidence  interval,  and 
associated  p-valuc  generally  arc  not  reported.  The  entries  for  these  statistics  are  reported 
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as  four  asterisks  (•**•)  and  are  identified  by  a  table  footnote.  Covariates  and  interactions 
retained  in  the  model  are,  however,  reponed  under  covariate  remarks.  For  some  clinical 
assessments,  an  analyst  may  exercise  discretion  and  report  an  adjusted  relative  risk,  95 
percent  confidence  interval,  and  an  associated  p-vaJue  from  a  model  that  excludes  the 
interaction  having  a  p-value  less  than  0.01.  V^en  these  discretionary  followup  analyses  are 
performed,  the  results  arc  reported  along  with  three  asterisks  (•**)  and  are  explained  by  a 
uble  foomotc.  If  the  multiple,  logistic  regression  model  contains  a  significant  initial  dioxin- 
by-covariate  interaction  with  a  p-valuc  between  0.01  and  0.05,  then  the  adjusted  relative 
risk,  95  percent  confidence  interval,  and  associated  p-value  are  reponed  from  a  model  that 
excludes  that  interaction.  The  entries  for  these  statistics  arc  reported  along  with  two 
asterisks  (**)  accompanied  by  a  table  foomotc.  In  cither  case  (i.c.,  p^.Ol  or  0.01<p^0.05), 
stratified  an^yses  arc  undertaken  and  the  results  are  reported  in  an  appropriate  appendix. 

Subpancls  (e)  and  (f)  of  Table  13-4,  for  example,  report  summary  statistics  (for  the 
minimal  and  maximal  assumptions,  respectively)  assessing  the  association  of  the  discrete 
dependent  variable  with  current  dioxin  and  time  since  tour  without  adjusting  for  covariatc 
information.  Multiple  logistic  regression  techniques  are  used  to  generate  the  statistics 
provided  in  both  panels.  In  the  multiple  logistic  regression  model,  current  dioxin  is  treated  as 
a  continuous  variable  and  time  since  tour  as  a  discrete  variable.  The  interaction  of  current 
dioxin  and  time  since  tour  also  is  included  in  the  model.  For  the  logistic  regression  model, 
time  since  tour  is  dichocomizeo  and  separate  statistics  are  presented  for  the  association 
between  the  depe  ndent  variable  and  current  dioxin  within  each  time  stratum.  For  each 
subpanel,  the  aggregate  sample  size  (n)  is  presented  under  each  specified  assumption  for  the 
multiple  logistic  regression  model.  For  presentation  purposes,  ciiircnt  dioxin  and  time  since 
tour  both  are  categorized.  Tlie  numerical  values  defining  the  current  dioxin  categories  are 
specified  in  a  table  foomote.  The  low,  medium,  and  high  categories  arc  based  on  the  lower 
25th  percent,  the  25th  to  75tii  percent,  and  die  upper  25^  •  percent  of  the  measured  current 
dioxin  for  the  cohort  corresponding  to  the  specified  assu  iption.  The  value  of  18.6  years  for 
time  since  tour  corresponds  to  approximately  the  median  value  in  the  Ranch  Hand  cohort. 

The  percentage  of  Ranch  Hands  with  the  specified  dichotomous  characteristic  (as  cited  in  the 
column  heading)  is  calculated  from  the  data  and  presented,  along  with  sample  size,  for  the 
combinations  of  trichotomized  current  dioxin  and  dichotomized  time  since  tour.  Each  panel 
also  contains  a  p-value  (i.e.,  the  first  p-value  in  each  subpanel)  for  the  interaction  of  the 
multiple  logistic  regression  using  current  dioxin  in  continuous  form  and  time  since  tour  in 
discrete  form.  The  p-valuc  for  the  interaction  term  provides  a  test  of  the  equality  of  the 
relative  risks  for  the  two  time  strata.  For  each  time  stratum,  the  logistic  regression  on 
current  dioxin  (log2  scale)  provides  an  estimated  relative  risk,  associated  95  percent 
confidence  interval,  ana  p-value  for  testing  the  significance  of  the  relative  risk. 


Incorporating  covariate  and  interaction  information  into  the  analysis,  subpancls  (g)  and 
(h)  report  summary  statistics  (for  the  minimal  and  maximal  assumptions,  respectively) 
assessing  the  association  of  the  discrete  dependent  variable  with  current  dioxin,  time  since 
tour,  and  the  current  dioxin-by-time  interaction.  Multiple  logistic  regression  techniques  are 
used  to  generate  the  statistics  provided.  In  the  multiple  logistic  regression  model,  current 
dioxin  is  included  as  a  continuous  variable  and  time  since  tour  as  a  discrete  variable.  The 
interaction  of  current  dioxin  and  rime  since  tour  also  is  included.  The  test  of  the  interaction  of 
current  dioxin  and  time  since  tour  (i.e.,  the  first  p-value  in  each  sulpanel)  determines 
whether  the  adjusted  relative  risks  of  the  bwo  time  smita  differ  significantly. 
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Immediately  below  the  specified  assumption,  the  aggregate  sample  size  (n)  is 
presented  for  the  multiple  logistic  regression  of  the  continuous  dependent  variable  on  log2 
(current  dioxin),  time  since  tour,  the  current  dioxin-by-dme  interacdon,  mvariates,  and  other 
intcracdons  retained  in  the  model.  For  each  dme  stratum  (^18.6  years  w  >18.6  years),, 
separate  statisdes  reladng  the  dependent  variable  to  current  dioxin  (log2  scale)  arc 
presented.  Based  on  the  muldple  logistic  regression  analysis,  the  adjusted  reladve  risk  for 
the  log2  (current  dioxin)  term,  its  associated  95  percent  confidence  interval,  and  a  p-value  for 
testing  the  significance  of  the  adjusted  relative  risk  are  reported. 

Covariates  (p-values  less  than  or  equal  to  0.15)  and  interactions  (p-values  less  than  or 
equal  to  0.05)  retained  in  the  multiple  logistic  regression  model  after  implementing  the 
modeling  strategy  are  presented  under  covariate  remarks,  along  with  die  associated  p- 
valucs.  If  the  multiple  logistic  regression  model  contains  a  significant  current  dioxin-by- 
time-by-covariatc  interaction  term  such  that  the  associated  p-value  is  less  than  or  equal  to 
0.01,  then  the  adjusted  relative  risk,  associated  95  pement  confidence  interval,  and  p-valuc 
generally  are  not  reponed.  The  entries  for  these  statistics  are  reponed  as  four  asterisks 
(*•**)  and  are  identified  by  a  table  footnote.  Covanates  and  intenctions  retained  in  the 
model,  however,  are  reported  under  covariatc  remarks.  For  some  clinical  assessments,  an 
analyst  may  exercise  discretion  and  .-epon  an  adjusted  relative  risic.  95  aercent  confidence 
interval,  and  an  associated  p-value  from  a  model  that  excludes  the  interaction  having  a  p- 
vaiue  less  than  0.01.  When  these  discretionary  followup  analyses  arc  penbrmed.  the  results 
will  be  reported  along  with  three  asterisks  (*•*)  and  arc  explained  by  a  able  footnote.  If  the 
multiple  logistic  regression  model  contains  a  significant  current  dioxin-by-rime-by-covariatc 
interaction  such  that  the  interaction  lies  between  0.01  and  0.05,  then  the  adjusted  relative 
risk,  95  percent  confidence  interval,  and  p-value  are  reponed  from  a  model  that  excludes  that 
interaction.  The. entries  for  the.se  statistics  arc  reponed  along  with  two  asterisks  (**) 
accompanied  by  a  table  footnote.  In  cither  case  (p<0.01  or  0.01<p£0.05),  stratified  analyses 
are  undenaken  and  reponed  in  the  appropriate  appendix. 

Subpancls  (i)  and  (j)  of  Tabic  13-4,  for  example,  show  the  results  of  unadjusted  and 
adjusted  analyses  that  compare  Ranch  Hands  with  high,  low,  and  unknown  current  dioxin 
levels  and  Comparisons  having  background  current  dioxin  levels  on  the  relative  frequency  for 
a  specified  discrete  dependent  variable  (c.g.,  percent  of  participants  in  a  current  dioxin 
category  with  an  abnormal  condiuon).  The  note  at  the  Iroifom  of  the  table  defines  the  four 
categories.  Sample  sizes  for  each  category  and  across  the  four  categories  are  reported. 


For  the  unadjusted  analysis,  a  relative  frequency  is  presented  for  each  current  dioxin 
category.  The  simultaneous  equality  of  the  four  category  relative  frcquc.ndcs  is  cv.iluated  by 
the  first  p-vaJuc  cited.  For  the  individual  contrasts  of  ihc  three  Ranch  Hand  catcgoncs 
versus  Comparison  b.ickgTound  category,  relative  risks,  asscxriatcd  95  percent  confidence 
intervals  for  the  relative  nsks,  and  p-v.aiucs  to  evaluate  if  the  risks  differ  significantly  from  1 
arc  presented. 

Results  may  exhibit  a  significant  (p<0.05)  p-va!t;c  associated  with  testing  whether  the 
relative  risk  is  equal  to  1.00,  while  the  corresponding  95  percent  confidence  interval  on  the 
relative  nsk  contains  the  number  I.(X).  Sim-ilarly,  the  results  may  exhibit  a  95  percent 
confidence  interval  of  a  relative  risk  that  docs  not  conuin  the  number  1.00.  while  the 


cwTtsponding  p-value  is  not  significant  (p>0.05).  These  patterns  are  due  to  the  use  of  the 
normal  distribution  in  calculating  an  approximate  95  percent  confidence  interval  and  the  use  of 
Rshcr’s  exact  test  for  unadjusted  analyses  in  the  determination  of  the  corresponding  p- 
values  in  the  event  of  sparse  datxL 

For  an  adjusted  analysis,  the  table  presents  adjusted  relative  risks,  95  percent 
confidence  intervals  on  the  adjusted  relative  risks,  and  covariates  and  interactions  retained  in 
the  adjusted  model  along  with  their  associated  p-values. 

Disente  Variable  With  More  Than  Two  Categories 

Log-linear  analysis  techniques  were  used  to  analyze  discrete  dependent  variables 
having  more  than  two  levels  (e.g.,  low,  normal,  high — see  Table  13-6).  For  the  unadjusted 
and  adjusted  analyses  relating  such  discrete  dependent  variables  to  initial  dioxin,  summary 
tables  present  sample  sizes,  relative  frequencies,  relative  risks,  95  percent  confidence 
intervals  for  the  relative  risks,  and  associated  p-values.  For  the  adjusted  analyses,  any 
covariares  and  interactions  retained  in  the  model  along  with  their  associated  p-values  also 
are  presented.  One  difference  between  the  table  presentations  for  dichotomous  dependent 
variables  and  discrete  dependent  variables  with  more  than  two  levels  is  that  relative 
frequencies  of  Ranch  Hands  belonging  to  each  of  the  dependent  variable  categories  are 
summarized  with  respect  to  each  initial  dioxin  category  (i.e.,  low,  medium,  and  high  initial 
dioxin).  Therefore,  for  each  initial  dioxin  level,  the  relative  frequencies  sum  to  100  percent 
across  the  dependent  variable  categories.  Also,  for  specified  pain  of  dependent  variable 
levels  (e.g,,  low  and  normal  or  high  and  normal  for  the  discrete  dependent  variable),  contrasts 
for  high  initial  dioxin  versus  low  initial  dioxin,  and  medium  initial  dioxin  venus  low  initial 
dioxin,  are  constructed  with  relative  risks,  55  percent  confidence  intervals,  and  associated 
contrast  p-valucs.  Contrasts  are  based  on  a  categorized  form  (i.e.,  low,  medium,  and  high)  of 
initial  dioxin  rather  than  !og2  (initial  dioxin).  A  p-valuc  for  an  overall  test  of  independence 
between  the  dependent  variable  and  initial  dioxin  also  is  reported. 

Similar  to  the  log-linear  analysis  using  initial  dioxin,  unadjusted  and  adjusted  analyses 
of  discrete  dependent  variables  with  more  than  two  categories  were  performed  using  current 
dioxin  and  time  since  tour.  For  the  unadjusted  analysis,  sample  sizes,  relative  frequencies 
(within  each  current  dioxin  level),  current  dioxin  contrasts  for  specified  pairs  of  dependent 
variable  levels  with  relative  risks,  95  percent  confidence  intervals  on  the  relative  risks,  and 
associated  contrast  p-values  were  reported  for  each  time  since  tour  stratum.  For  these 
analyses  a  categorized  form  of  current  dioxin  (i.e.,  low,  medium,  ind  high),  rather  than  the 
continuous  form  of  log2  (current  dioxin),  is  used.  For  the  adjusi:’d  analysis,  contrast-specific 
adjusted  relative  risks  with  95  percent  confidence  intervals,  associated  contrast  p-values, 
and  covariates  and  interactions  retained  in  the  mode!  along  with  associated  p-valucs  are 
presented.  For  both  the  unadjusted  and  the  adjusted  analyses,  a  p-value  is  provided  that 
tests  the  significance  of  the  interaction  between  current  dioxin  and  time  since  tour  and,  for 
each  rime  stratum,  another  p-value  is  reported  as  an  overall  test  of  independence  between 
the  discrete  dependent  variable  and  current  dioxin. 

For  log-linear  analyses  of  initial  dioxin,  and  those  concerning  current  dioxin  and  time 
since  tour,  the  outpoints  ber.vccn  the  three  dioxin  categories  (i.e.,  between  low  and  medium 
dioxin,  and  between  medium  and  high  dioxin)  are  the  same  under  both  the  minimal  and 
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maximal  assumptions.  The  actual  cutpoints  arc  rclevaiit  for  log-linear  analyses,  and  this 
standardization  was  done  to  permit  a  more  valid  comparison  of  category  contrasts  between 
the  minimal  and  maximal  assumptions. 

Unadjusted  and  adjusted  analyses  comparing  relative  frequencies  for  discrete  dependent 
variables  of  more  than  two  categories  also  were  performed  to  compare  the  four  current  dioxin 
categories.  For  the  unadjusted  analysis,  sample  sizes,  relative  frequencies  (within  each  of 
the  four  categories),  Ranch  Hand  versus  Comparison  contrasts  for  specified  pairs  of 
dependent  variable  levels  with  relative  risks,  95  percent  confidence  intervals  on  the  relative 
risks,  and  associated  contrast  p-values  were  reported.  For  the  adjusted  analysis,  sample 
sizes,  contrast-specific  adjusted  relative  risks  with  95  confidence  intervals,  associated 
contrast  p-values,  and  covariates  and  interactions  retained  in  the  model  along  with 
associated  p-values  arc  presented.  For  both  the  unadjusted  and  the  adjusted  analyses,  an 
all  categories  p-value  is  provided  that  tests  die  independence  of  the  categories  and  the 
discrete  dependent  variable. 

GRAPHICS 

The  analytic  activities  for  the  scrum  dioxin  analyses  were  supplemented  by  two  sets  of 
graphic  displays:  data  plots/histograms  and  interaction  plots/histograms.  These  graphics 
were  produced  using  the  SYSTAT®  graphics  procedure  (16). 

Data  Plots/Histograms 

As  pan  of  the  serum  dioxin  analyses,  graphic  displays  were  produced  describing  the 
relationship  between  each  dependent  variable  and  scrum  dioxin  level,  as  well  as  relevant 
covariates  and  serum  dioxin  level.  Evaluations  of  the  relationships  between  dioxin  and  the 
covariates  were  carefully  made  because  such  relationships  particularly  arc  imponant  in  the 
interpretation  of  dioxin  effects  for  this  study  (sec  Chapter  5,  Covariatc  Associations).  Initial 
and  current  dioxin  levels  were  used  in  continuous  form.  Transformations  used  in  statistical 
analyses  also  were  incorporated  into  the  graphic  presentations. 

For  initial  dioxin,  dependent  variable  and  covariatc  relationships  were  displayed 
separately  for  Ranch  Hands  under  the  minimal  and  mxximaJ  assumptions.  In  addition,  graphic 
relationships  between  dependent  hc.iJth  variables  and  current  dioxin  level,  as  well  as 
relevant  covariates  and  current  dioxin  level,  were  presented  separately  for  all  Comparisons 
and  Ranch  Hands. 

For  continuous  dependent  variables,  bivariate  scatterplots  were  produced.  For  bintiry 
or  categorical  dependent  variables,  bar  chans  with  percentages  of  participants  classified  as 
abnormal  for  common  interval  groupings  of  dioxin  were  generated  for  each  of  the  clinical 
areas.  For  the  covariate  associations  section,  relative  i'rquency  histograms  were  produced 
for  each  level  of  the  covariate. 

Figure  4-5  presents  an  illustration  of  the  bar  ch.arts  seen  in  the  appendix  for  each 
clinical  area.  Figures  4-5(a),  (b),  and  (c)  display  a  positive  relationship,  nu  relationship,  and 
a  negative  relationship  between  the  percentage  of  p.anicipants  classified  as  abiio  t^al  and 
dioxin.  These  di.splays  were  generated  assuming  equal  sample  sizes  for  each  bar,  inference 
baser!  on  unequal  sample  sizes  is  not  smaightforward.  Figures  4-6(a).  (b),  and  (c)  illustrate 
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(a)  Poaiilva  Aaaoclatlon 


FIGURE  4-5.  Hypothetical  Data  (Discrete  Dependent  Variable)  versus  Dioxin 


(b)  No  Asaoclatlon 
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examples  of  a  positive  relationship,  no  relationship,  and  a  negative  relationship  between  a 
dependent  health  variable  and  dioxin. 

Interaction  Plots/Histograms 

Dioxin-by-covariate  interactions  also  were  investigated  through  appropriate  graphic 
displays.  Analogous  to  the  data  plots/histograms,  transformations  were  used  in  the 
presentations  when  appropriate.  If  the  dependent  variable  was  continuous  (e.g.,  blood  urea 
nitrogen),  a  significant  interaction  between  dioxin  level  {e.g.,  initial  dioxin)  ar.d  a  covariate 
(e.g.,  age)  was  presented  as  a  set  of  bivariate  scattcrplots  (dependent  variable  versus  initial 
doxin)  for  each  level  of  a  categorized  covariate.  For  a  discrete  dependent  variable  (e.g., 
kidney  disease:  yes  versus  no),  a  significant  interaction  between  initial  dioxin  and  a 
covariate  was  displayed  using  bar  charts  at  each  level  of  a  categorized  covariatc.  The  bat 
charts  contrasted  percentages  of  participants  classified  as  abnormal  for  common  inter\’al 
groupings  of  initial  dioxin. 

Statistical  Analysis  Protocol 

Except  for  changes  suggested  by  the  Advisory  Committee  (deletioning  conditional 
analyses  and  moving  fasting  glucose  from  Chapter  10,  Gastrointestinal  .Assessment  to 
Chapter  15,  Endocrine  Assessment),  ail  statistical  analyses  summarized  in  this  repon  were 
carried  out  as  specified  in  an  analytical  plan  (17)  written  in  July  1989  and  the  contract 
Statement  of  Work;  the  analyses  began  in  October  1989  and  concluded  in  November  1990. 
The  analytical  plan  specified  statistical  methods,  dependent  variables,  covariates,  and 
exclusions.  These  analyses  did  not  deviate  from  those  specified  in  the  plan.  In  certain  cases, 
clarification  analyses  were  carried  out,  however.  Strict  adherence  to  the  plan  was  maintained 
to  avoid  the  possibility  that  some  analyses  migb'  be  conducted  based  on  the  observation  of 
significant  results.  Such  analyses  are  called  “post  hoc”  and  are  known  to  be  biased  (18). 
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CHAPTER  5 

COVARUTE  ASSOCLATIONS 


INTRODUCTION 

This  chapter  evaluates  the  covariates  used  in  adjusted  statistical  analyses  for  signifi  ¬ 
cant  associations  with  initial  dioxin  levels  for  the  Ranch  Hand  participants  and  current  diorin 
levels  for  the  Ranch  Hands  and  the  Comparisons.  The  evaluation,  with  respect  to  initial 
dioxin  levels  for  the  Ranch  Hand  participants,  was  performed  under  both  the  minimal  and  the 
tnaximal  assumptions  (i.e..  Ranch  Hands  with  current  dioxin  above  10  ppt  and  above  5  ppt, 
respectively;  see  Chapter  4,  Statistical  Methods,  for  a  further  discussion  of  these 
assumptions).  Associations  between  the  covariates  and  the  health  status  variables  are 
documented  in  the  previous  Air  Force  Health  Study  report  of  the  1987  examination  data  (1). 

Table  5-1  presents  geometric  mean  dioxin  levels  (transformed  from  the  logarithm  base 
2  scale)  and  sample  sizes  by  covariate  category  under  both  assumptions  for  initial  dioxin  and 
under  toth  group  classifications  (i.e..  Ranch  Hands  and  Comparisons)  for  current  dioxin. 

Mean  dioxin  levels,  expressed  in  pans  per  trillion  (ppt),  were  evaluated  for  statistical 
significance  across  the  defined  categories  of  a  particular  covariate  (c.g.,  under  both 
assumptions,  initial  dioxin  means  of  Black  and  non-Elack  Ranch  Hand  paiticipants  were 
compared  for  a  statistically  significant  difference).  The  aggregate  sample  size  and  the 
significance  probability  associated  with  comparing  dioxin  means  across  covariate  levels  are 
included  in  the  table.  Aggregate  sample  sizes  may  differ  from  covariate  to  covariate  because 
of  missing  covariate  information.  The  significance  probability  was  determined  from  statistics 
calculated  on  the  logarithm  base  2  scale  of  the  scrum  dioxin  concentration.  For  covariates  on 
a  continuous  scale,  the  correlation  coefficient  and  the  associated  significance  probability  are 
presented  in  the  table.  The  correlation  coefficient  is  based  on  the  association  between  the 
covariate  and  the  logarithm  base  2  of  the  serum  dioxin  concentration.  Dioxin  levels  equal  to 
zero  were  assigned  a  value  of  0. 1  ppt  due  to  the  logarit.hntic  transformation  used  in  the 
analyses  of  ail  Ranch  Hands  and  all  Comparisons. 

MATCHING  VARIABLES  (AGE,  RACE,  AND  OCCUPATION) 

The  variables  age,  race,  and  military  occupation  were  used  in  the  design  of  the  Air  Force 
Health  Study  to  match  Ranch  Hand  participants  with  Comparisons  and  thus  reduce  tiie 
association  benvecn  these  variables  and  group  status.  It  was  not  possible  to  eliminate  the 
association  of  these  variables  with  senim  dioxin  through  the  study  design,  however. 


In  general,  age  at  Baseline  (1982)  exhibited  a  significant  negative  correlation  with  initial 
dioxin  (p<0.C01  under  both  the  minimal  and  maximal  assumptions).  For  Ranch  Hands  bom  in 
or  after  1942,  and  for  those  bom  before  1942,  initial  dioxin  means  were  226.6  ppt  and  148.5 
ppt  under  the  minimal  assumption.  Corresponding  means  of  initial  dioxin  under  the  maximal 
assumption  were  149.9  and  101.6  ppt,  respectively.  For  all  Ranch  Hand  participants  a 
significant  negative  correlation  between  age  and  current  dioxin  was  exhibited  (p<0.001).  Tlie 
current  dioxin  means  were  19.3  ppt  and  11.7  ppt  for  Ranch  Hands  bom  in  or  after  1942  and 
Ranch  Hands  bom  before  1942.  For  the  Comparisons  the  correlation  between  age  and 
current  dioxin  was  also  significant,  but  positive  (p<0.001).  The  current  dioxin  means  were 
3.0  ppt  for  Comparisons  bom  in  or  after  1942  and  4.0  ppt  for  Comparisons  bom  before  1942. 
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TABLE  5-1. 


Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Initial  Dioxin  (Ranch  Hands) 

_ — Assuropijflg _  _ CHmnLDiQxia _ 

Ranch 

Variable _ Statistic _ Minimal  Maximal _ Hand  Comparison 


Matching  Variables 


Age 

n 

521 

742 

866 

804 

(continuous) 

Correlation 

-0.240 

-0.200 

-0.205 

0.155 

p-Value 

<0.001 

<0.001 

<0.001 

<0.001 

Age  (year 
of  birth) 

n 

Mean  (n) 

521 

742 

866 

804 

(discrete) 

Bom>I942 

226.6  (237) 

149.9  f314) 

19.3  (355) 

3.0  (330) 

Bom<1942 

148.5  (284) 

101.6  (428) 

11.7  (511) 

^.0  (474) 

p-Value 

<0.001 

<0.001 

<0.001 

<0.001 

Race 

n 

Mean  (n) 

521 

742 

866 

804 

Black 

134.5  (32) 

114.7  (38) 

14.6  (44) 

2.9  (49) 

Non-Black 

183.5  (489) 

120.0  (704) 

14.4  (822) 

3.6  (755) 

p-Value 

0.011 

0.701 

0.904 

0.288 

Occupation 

n 

Mean  (n) 

521 

742 

866 

804 

Officer 

91.7  (108) 

61.4  (246) 

7.7  (319) 

4.0  (291) 

Enlisted  Flyer 
Enlisted 

172.3  (108) 

134.7  (132) 

16.3  (148) 

3.7  (127) 

Groundcrcw 

232.1  (305) 

180.2  (364) 

23.2  (399) 

3.2  (386) 

p- Value 

Alcohol  Variables 

<0.001 

<0.001 

<0.001 

0.007 

Current 

n 

518 

737 

861 

804 

Alcohol  Use 

Correlation 

0.043 

0.014 

0.039 

0.023 

(continuous) 

p-Valuc 

0.326 

0.703 

0.255 

0.523 

Current 
Alcohol  Use 

n 

Mean  (n) 

518 

737 

861 

804 

(drinks/day) 

0-1 

181.8  (420) 

121.4  (594) 

14.3  (696) 

3.6  (630) 

(discrete) 

>1-4 

158.4  (83) 

105.5  (124) 

13.6  (143) 

3.2  (143) 

>4 

276.6  (15) 

182.2  (19) 

22.3  (22) 

4.5  (31) 

p-Value 

0.051 

0.049 

0.171 

0.100 
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TABLE  5-L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Initial  BiQxin. 

_ Assumption,, _  _ ■Cuiicm.Dio?!;ia 

Ranch 


Variable 

Statistic 

Minimal 

Maximal 

Hand 

Comparison 

Lifetime 

n 

515 

733 

857 

802 

Alcohol 

Correlation 

0.044 

0.057 

0.012 

0.005 

History 

(continuous) 

p-Valuc 

0.318 

0.125 

0.728 

0.894 

Liferime 

Alcohol 

n 

Mean  (n) 

515 

733 

857 

802 

History 

0 

233.7  (57) 

163.7  (73) 

18.7  (85) 

3.8  (61) 

(drink-years) 

>0-40 

167.5  (345) 

110.1  (507) 

13.4  (599) 

3.5  (547) 

(discrew) 

>40 

192.8  (113) 

134.3  (153) 

15.8  (173) 

3.6  (194) 

p-Value 

0.012 

0.001 

0.021 

0.810 

Current 

n 

517 

737 

861 

803 

Wine  Use 

Correlation 

-0.111 

-0.110 

•0.054 

-0.007 

(continuous) 

p-Value 

0.011 

0.003 

0.110 

0.853 

Current 

Wine  Use 

n 

Mean  (n) 

517 

737 

861 

803 

(drinks/day) 

0 

197.2  (349) 

139.9  (459) 

16.7  (526) 

3.6  (458) 

(discrete) 

>0 

148.5  (168) 

92.1  (278) 

11.3  (335) 

3.5  (345) 

p-Value 

<0.00! 

<0.001 

<0.001 

0.656 

Lifetime 

n 

517 

736 

860 

802 

Wine  History 

Correlation 

-0.160 

-0.107 

-0.059 

0.018 

(continuous) 

p-Value 

<0.001 

0.CO4 

0.086 

0.603 

Lifetime 

Wine  History 

n 

Mean  (n) 

517 

736 

860 

802 

(drink-years) 

0 

207.4  (301) 

144.2  (398) 

16.9  (458) 

3.6  (403) 

(discrete) 

>0-10 

151.9  (191) 

97.1  (302) 

ll.S  (363) 

3.5  (367) 

>10 

117.9  (25) 

87.5  (36) 

12.9  (39) 

4.3  (32) 

p-Valuc 

<0.001 

<0.001 

<0.001 

0.482 

TABLE  5*L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Initial., Pio^iniRanch-Hands) 

Assumption  _  Current  Dioxin 

Banch 

Variable  Statistic  ' _ Minimal  Maximal _ Hang  Comparison 


Smoking  Variables 


Current 

n 

521 

742 

866 

804 

Cigarette 

Correlation 

0.013 

0.034 

-0.067 

-0.1)74 

Smoking 

(continuous) 

p-Value 

0.758 

0.355 

0.049 

0.G33 

Current 

Cigarette 

n 

Mean  (n) 

521 

742 

866 

804 

Smoking 

0-Never 

189.0  (135) 

114.1  (207) 

15.2  (236) 

4.3  (223) 

(cigarettes/ 

0-Former 

169.1  (196) 

113.6  (282) 

14.5  (323) 

3.5  (336) 

day) 

>0-20 

187.9  (101) 

137.4  (131) 

14.5  (159) 

2.9  (128) 

(discrete) 

>20 

182.7  (89) 

126.6  (122) 

12.9  (148) 

3.1  (117) 

p-Value 

0.603 

0.208 

0.587 

<0.001 

Lifetime 

n 

521 

742 

866 

804 

Cigarette 

Correlation 

-0.064 

-0.010 

-0.094 

-0.013 

Smoking 

History 

(continuous) 

p-Value 

0.147 

0.783 

0.006 

0.719 

Lifetime 

n 

521 

742 

866 

804 

Cigarette 

Mean  (n) 

Smoking 

0 

187.7  (136) 

113.8  (208) 

15.1  (237) 

4.3  (223) 

History 

>0-10 

180.6  (152) 

124.5  (206) 

15.3  (237) 

2.9  (218) 

(pack-years) 

>10 

175.3  (233) 

120.7  (328) 

13.5  (392) 

3.6  (363) 

(discrete) 

p-Value 

0.749 

0.621 

0.297 

<0.001 

Sun  Exposure-Related  Variables 

Average 

n 

489 

704 

821 

750 

Lifetime 

Mean  (n) 

Residential 

Latitude  <37* 

196.5  (205) 

126.1  (295) 

14.e  (344) 

3.7  (385) 

Latitude^ 

Latimde  >37* 

174.6  (284) 

115.3  (409) 

14.2  (477) 

3.6  (365) 

p-Value 

0.128 

0.247 

0.596 

0.786 
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TABLE  5-L  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Ranch 


Variable 

Statistic 

Minimal 

Maxim.';! 

Hard 

Comparison 

Ethnic 

n 

476 

687 

801 

738 

Background^'^ 

Mean  (n) 

AB 

179.8  (4-17) 

116.5  (654) 

14.0  (767) 

3.7  (701) 

CDE 

260.4  (29) 

214.8  (33) 

29.1  (34) 

2.9  (37) 

p-Valuc 

0.022 

<0.001 

<0.001 

0.115 

Skin  Color^ 

n 

489 

703 

821 

755 

Mean  (n) 

Peach 

133.3  (395) 

122.5  (.59) 

14.7  (651) 

3.6  (615) 

Non-Peach 

184.3  (94) 

111.5  (14'^ 

13.4  (170) 

3.5  (140) 

p-Value 

0.952 

0.293 

0.354 

0.582 

Hair  Color^ 

n 

489 

704 

822 

754 

Mean  (n) 

Blad^ark  Brown 

196.7  (33  ’) 

129.0  (467) 

15.7  (541) 

3.6  (524) 

Other 

158.4  (157) 

104.2  (237) 

12.2  (281) 

3.7  (230) 

p-Value 

0.003 

0.005 

0.004 

0.486 

Eye  Color® 

n 

488 

703 

821 

753 

Mean  (n) 

Brown 

206.2  (150) 

135.4  (211) 

16.4  (242) 

3.4  (227) 

Hazcl/Grccn 

167.8  (144) 

113.5  (205) 

13.3  (241) 

3.4  (188) 

Grcy/Bluc 

179.6  (194) 

114.4  (287) 

.  3.8  (338) 

3.9  (338) 

p-Value 

0.101 

0.097 

0.103 

0.072 

Reaction  of 

n 

489 

704 

822 

755 

Skin  to  Sun 
After  at 

Mean  (n) 

Bunted  PaLnfjlly 

182.6  (35) 

123.3  (48) 

14.8  (56) 

5.0  (48) 

Least  2  Hours, 

SiuTicd 

170.1  (63) 

117.6  (87) 

14,9  (102) 

3.7  (90) 

After  First 

Became  Red 

192.8  (195) 

120.1  (292) 

14.2  (345) 

3.5  (326) 

Exposure® 

No  Reaction 

179.1  (196) 

120.1  (277) 

14.3  (319) 

3.5  (291) 

p-Valuc 

0.720 

0.995 

0.997 

0.062 

TABLE  5*1.  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


InitiaLPi<??gin.0^anph  Hands! 

_ AsaigffiiiaiL. _  Current  Dioxin 

Ranch 


Variable 

Statistic 

Nfinimal 

Maximal 

Hand 

Comparison 

Reaction  of 

n 

489 

704 

822 

754 

Skin  to  Sun 
After 

Mean  (n) 

Freckl^-No  Tan 

202.4  (11) 

138.1  (15) 

15.9  (18) 

5.6  (18) 

Repeated 

Tanned  Mildly 

207.2  (74) 

149.4  (95) 

16.1  (119) 

3.4  (109) 

Exposure^ 

Tanned  Moderately 

178.3  (246) 

113.8  (366) 

14.5  (417) 

3.8  (393) 

Tanned  Deep  Brown 

179.9  (158) 

118.2  (228) 

13.4  (268) 

3.4  (234) 

p- Value 

0.565 

0.094 

0.507 

0.088 

Composite 

n 

489 

704 

822 

754 

Sun  Reaction 
Index^»c 

Mean  (n) 

Low 

180.7  (358) 

116.5  (526) 

14.0  (609) 

3.5  (557) 

Medium 

194.3  (90) 

134,5  (121) 

15.8  (147) 

3.4  (139) 

High 

184.9  (41) 

124.4  (57) 

15.1  (66) 

5.1  (58) 

p-Valuc 

0.764 

0.319 

0.496 

0.008 

Carcinogen  Exposure  Variables 

Asbestos  n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

183.6  (129) 

121.3  (185) 

14.6  i212) 

3.7  (195) 

No 

178.8  (392) 

119.3  (557) 

14.3  (654) 

3.5  (609) 

p-Value 

0.754 

0.832 

0.802 

0.580 

Ionizing 

n 

521 

742 

866 

804 

Radiation 

Exposure 

Mean  (n) 

Yes 

160.6  (105) 

115.7  (143) 

12.3  (175) 

3.5  (212) 

No 

185.2  (416) 

120.8  (599) 

15.0  (691) 

3.6  (592) 

p-Value 

0.118 

0.626 

0.070 

0.333 

Industrial 

n 

521 

742 

866 

804 

Chemical 

Exposure 

Mean  (n) 

Yes 

196.8  (311) 

138.8  (408) 

16.6  (470) 

3.4  (443) 

No 

157.8  (210) 

100.0  (334) 

12.1  (396) 

3.8  (36i) 

p-Value 

0.003 

<0.001 

<0.001 

0.043 
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TABLE  5-1.  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Asimnplioa _  .  Current  Dioxin 

Ranch 


Variable 

Statistic 

Minimal 

Maximal 

Hand 

Comparison 

Herbicide 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

180.5  (493) 

119.7  (703) 

14.6  (816) 

3.8  (263) 

No 

170.6  (28) 

121.3  (39) 

11.9  (50) 

3.5  (541) 

p-Value 

0.728 

0.933 

0.227 

0.151 

Insecticide 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

173.0  (381) 

118.0  (537) 

14.1  (626) 

3.7  (454) 

No 

200.5  (140) 

124.6  (205) 

15.2  (240) 

3.5  (350) 

p-Valuc 

0.074 

0.484 

0.391 

0.430 

Degreasing 

n 

521 

742 

866 

804 

Chemical 

Exposure 

Mean  (n) 

Yes 

196.0  (353) 

137.3  (471) 

17.1  (529) 

3.6  (496) 

No 

150.5  (168) 

94.5  (271) 

10.9  (337) 

3.6  (308) 

p-Value 

0.00 1 

cO.CCI 

<0.001 

0.926 

Anthracene 

n 

521 

742 

866 

803 

Exposure 

Mean  (n) 

Ycj 

83.4  (1) 

83.4  (I) 

15.0  (1) 

4.0  (3) 

No 

180.3  (520) 

119.3  (741) 

14.4  (865) 

3.6  (80C) 

p-Valuc 

0.357 

0.704 

0.971 

0.832 

Arsenic 

n 

521 

741 

865 

803 

Exposure 

Mean  (n) 

Yes 

156.0  (II) 

100.5  (18) 

12.9  (21) 

3.1  (13) 

No 

1SC.6  (510) 

120.4  (72.3) 

14.4  (844) 

3.6  (790) 

p-Value 

0.567 

0.426 

0.669 

0.557 

Benzene 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

226.2  (21) 

162.6  (27) 

16.9  (33) 

3.7  (21) 

No 

178.3  (5CO) 

118.4  (715) 

14.3  (833) 

3.6  a83) 

p-Valuc 

0.201 

0.089 

0.522 

0.893 

TABLE  5-1.  (Cositinued) 

Relationship  of  Covan'ates  to  Initial  and  Current  Dioxin 


-Assumption  Cunrent  Dioxin 

Ranch 


Variable 

Statistic 

Minima] 

Maxima] 

Hand 

Comparison 

Benzidine 

n 

S21 

742 

866 

802 

Exposure 

Mean  (n) 

Yes 

127J  (5) 

93.8  (7) 

7.5  (9) 

3.7  (9) 

No 

180.6  (516) 

120.0  (735) 

14.5  (857) 

3.6  (793) 

p-Value 

0.355 

0.495 

0.313 

0.929 

Chromate 

n 

519 

739 

863 

804 

Exposure 

Mean  (n) 

Yes 

232.5  (36) 

159.2  (47) 

17.3  (55) 

3.3  (39) 

No 

176.6  (4S3) 

117.5  (692) 

14.2  (808) 

3.6  (765) 

p-Value 

0.057 

0.034 

0.160 

0.593 

Coal  Tar 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

137.0  (18) 

121.7  (20) 

9.7  (27) 

4.1  (27) 

No 

131.8  (503) 

119.7  (722) 

14.6  (839) 

3.6  (777)  • 

p-Value 

0.158 

0.940 

0.207 

0.459 

Creosote 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

175.7  (47) 

125.6  (62) 

13.8  (76) 

3.2  (63) 

No 

180.4  (474) 

119.2  (680) 

14.4  (790) 

3.6  (741) 

p-Value 

0.837 

0.683 

0.752 

0.381 

AmLnodiphenyl 

n 

521 

742 

866 

802 

Exposure 

Mean  (n) 

Yes 

83.2  (2) 

83.2  (2) 

14,4  (2) 

4.4  (4) 

No 

180.5  (519) 

119.9  (740) 

14.4  (864) 

3.6  (798) 

p-Value 

<0.001 

<0.001 

0.998 

0.649 

Chloromcthyl 

n 

520 

740 

864 

804 

Ether 

Exposure 

Mean  (n) 

Yes 

144.3  (3) 

65.4  (8) 

6.0  (10) 

4.2  (ID 

No 

180.1  (517) 

120.5  (732) 

14.5  (854) 

3.6  (793) 

p-Value 

0.648 

0.070 

0.015 

0.267 

TABLE  5-L  (Continued) 

Relationship  of  Covariatcs  to  Initial  and  Current  Dioxin 


Ranch 


Variable 

Statistic 

Miniina] 

Maximal 

Hand 

Comparison 

Mustard  Gas 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

126.3  (3) 

126.3  (3) 

10.2  (4) 

3.8  (4) 

No 

180.4  (.518) 

119.7  (739) 

14.4  (862) 

3.6  (800) 

p-Value 

0.461 

0.923 

0.553 

0.633 

Naphthylamine 

n 

521 

741 

865 

803 

Exposure 

Mean  (n) 

Yes 

219.1  (23) 

179.5  (26) 

19.9  (30) 

3.3  (20) 

No 

178.4  (498) 

118.2  (715) 

14.2  (835) 

3.6  (783) 

p-Valuc 

0.249 

0.028 

0.217 

0.759 

Cutting  Oils 

n 

521 

742 

866 

804 

Exposure 

Mean  (n) 

Yes 

174.1  (76) 

118.8  (107) 

13.9  (124) 

3.0  (102) 

No 

181.0  (445) 

119.9  (635) 

14.5  (742) 

3.7  (702) 

p-Value 

0.706 

0.924 

0.693 

0.076 

Trichloro¬ 

n 

518 

738 

862 

804 

ethylene 

Exposure 

Mean  vO) 

Yes 

207.5  (57) 

142.4  (76) 

15.5  (91) 

3.3  (71) 

No 

176.7  (461) 

117.3  (662) 

14.2  (771) 

3.6  (733) 

p-Value 

0.170 

0.092 

0.547 

0.386 

Ultraviolet 

n 

521 

742 

866 

803 

Licht 
(Not  Sun) 

Mean  (n) 

Yes 

142.7  (13) 

101.1  (18) 

13.8  (20) 

4.2  (17) 

Exposure 

No 

181.1  (508) 

120.3  (724) 

14.4  (846) 

3.6  (786) 

p-Value 

0.311 

0.445 

0.808 

0.232 

Vinyl  Chloride 

n 

520 

741 

865 

803 

Exposure 

Mc:tn  (n) 

Yes 

209.1  (10) 

144.1  (13) 

17.0  (15) 

4.1  (ID 

No 

179.5  (510) 

119.3  (728) 

14.3  (850) 

3.6  (792) 

p-Value 

0.568 

0.478 

0.564 

0.363 

TABLE  5-1.  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Initial  Dioxin  (Ranch  Hands) 

..  .AssatPptlQji _ _  _ C«ngJii.Di02siii 

Ranch 


Variable 

Statistic 

Minimal 

Maximal 

Hand 

Comparison 

Composite 

n 

515 

731 

855 

796 

Carcinogen 

Mean  (n) 

Exposure 

Yes 

192.9  (155) 

134.2  (208) 

16.4  (236) 

3.3  (179) 

No 

174.3  (360) 

114.7  (523) 

13.6  (619) 

3.6  (617) 

p-Value 

0.209 

0.045 

0.038 

0.157 

Personal  and  Family  Health 

Variables 

Cholesterol 

n 

521 

742 

866 

804 

(continuous) 

Correlation 

0.054 

0.046 

0.051 

0.046 

p-Valuc 

0.217 

0.215 

0.137 

0.196 

Cholesterol 

n 

521 

742 

866 

804 

(mg/dl) 

Mean  (n) 

(discrete) 

<200 

163.4  (163) 

112.0  (238) 

13.0  (287) 

3.4  (281) 

>200-230 

175.8  (177) 

120.7  (244) 

15.2  (275) 

3.4  (244) 

>230 

195.6  (181) 

126.4  (260) 

15.1  (304) 

3.9  (279) 

p-Value 

0.227 

0.362 

0.175 

0.139 

HDL 

n 

521 

742 

866 

804 

(continuous) 

Correlation 

-0.074 

-0.142 

-0.136 

-0.099 

p-Value 

0.090 

<0.001 

<0.001 

0.005 

HDL 

n 

521 

742 

866 

804 

(Mg/dl) 

Mean  (n) 

(discrete) 

£40 

182,7  (206) 

138.6  (261) 

17.5  (289) 

3.9  (264) 

>40-50 

188.6  (173) 

121.7  (251) 

14.5  (294) 

3.7  (294) 

>50 

166.5  (142) 

99.6  (230) 

11.6  (283) 

3.1  (246) 

p-Value 

0.400 

<0.001 

<0.001 

0.008 

Cholesterol- 

n 

521 

742 

866 

804 

HDL  Ratio 

Corrchtion 

0.078 

0.146 

0.148 

0.109 

(continuous) 

p-Value 

0.076 

<0.001 

<0.001 

0.002 

TABLE  5*1.  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Ranch 


Variable 

Statistic 

Minimal 

Maximal 

Hand 

Comparison 

Cholcsterol- 

n 

521 

742 

866 

804 

HDL  Ratio 

Mean  (n) 

(discrete) 

<4,2 

158.1  (138) 

97.0  (222) 

11.3  (274) 

3.0  (264) 

>4.2-5.5 

187.9  (199) 

124.5  (283) 

15.2  (322) 

3.9  (286) 

>5.5 

189.3  (184) 

139.3  (237) 

17.2  (270) 

3.9  (254) 

p-Value 

0.104 

<0.001 

<0.001 

0.001 

Diabetic 

n 

519 

740 

863 

802 

Class^ 

Mean  (n) 

Normal 

174.4  (371) 

112.8  (548) 

13.5  (648) 

3.4  (620) 

Impaired 

176.2  (82) 

123.7  (110) 

14.8  (130) 

4.0  (115) 

Diabetic 

221.9  (66) 

169.9  (82) 

21.9  (85) 

4.5  (67) 

p-Valuc 

0.095 

0.001 

0.001 

0.028 

Differential 

n 

509 

721 

839 

770 

Cortisol 

Correlation 

-0.024 

-0.059 

-0.076 

-0.052 

Response 

(continuous) 

p-Valuc 

0.583 

0.112 

0.027 

0.152 

Differentia] 

n 

509 

721 

839 

770 

Cortisol 

Mean  (n) 

Response 

£0.6 

191.7  (185) 

132.0  (251) 

15.7  (288) 

3.6  (275) 

(mg/dl) 

>0.6-4.0 

189.0  (192) 

127.5  (265) 

16.4  (299) 

3.8  (262) 

(discrete) 

>4.0 

155.5  (132) 

101.4  (205) 

11.5  (252) 

3.3  (233) 

p-Value 

0.056 

0.007 

<0.001 

0.315 

Percent  Body 

n 

521 

742 

866 

804 

Fat 

Correlation 

0.139 

0.210 

0.300 

0.154 

(continuous) 

p-Value 

0.001 

<0.001 

<0.001 

<0.001 

Percent  Body 

n 

521 

742 

866 

804 

Fat 

Mean  (n) 

(discrete) 

Lean/Normal:  <25% 

170.4  (389) 

110.2  (579) 

12.9  (693) 

3.3  (608) 

Obese:  >25% 

211.4  (132) 

161.1  (163) 

22.4  (173) 

4.4  (196) 

p-Value 

0.018 

<0.001 

<0.001 

<0.001 

5-n 


TABLE  5*1.  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Ranch 


Variable  Statisti<^ 

Minimal 

Maximal 

Hand 

Comparison 

Family  n 

521 

742 

866 

804 

History  of  Mean  (n) 

Heart  Disease  Yes 

176.9  (125) 

118.5  (178) 

13.9  (208) 

3.5  (177) 

No 

181.0  (396) 

120.2  (564) 

14.6  (658) 

3.6  (627) 

p-Value 

0.793 

0.867 

0.591 

0.765 

Family  n 

521 

742 

866 

804 

History  of  Mean  (n) 

Heart  Disease  Yes 

179.0  (17) 

106.5  (27) 

14.5  (30) 

2.3  !'26) 

Before  Age  50  No 

180.0  (504) 

120.3  (715) 

14.4  C836) 

3.6  (778) 

p-Value 

0.979 

0.515 

0.970 

0.134 

Other  Variables 

Education  n 

517 

737 

860 

799 

Mean  (n) 

High  School 

198.0  (322) 

153.1  (395) 

18.2  (448) 

3.5  (400) 

College 

153.4  (195) 

89.8  (342) 

11.1  (412) 

3.7  (399) 

p-Value 

0.001 

<0.001 

<0.001 

0.378 

Blotxi  Type  n 

519 

738 

861 

802 

Mean  (n) 

A 

182.4  (224) 

125.0  (307) 

15.0  (351) 

3.6  (311) 

AB 

171.9  (18) 

111.8  (27) 

14.6  (31) 

4.3  (24) 

B 

184.5  (54) 

128.5  (72) 

14.9  (87) 

3.8  (98) 

0 

177.3  (223) 

114.4  (332) 

13.8  (392) 

3.4  (369) 

p-Value 

0.973 

0.593 

0.773 

0.469 

Presence  of  n 

521 

742 

866 

804 

Pre-SEA  Acne  Mean  (n) 

Yes 

193.0  (53) 

133.6  (71) 

15.1  (88) 

2.8  (88) 

No 

178.6  (468) 

118.4  (671) 

14.3  (778) 

3.4  (716) 

p-Value 

0.523 

0.309 

0.819 

0.246 

TABLE  5-1.  (Continued) 

Relationship  of  Covariates  to  Initial  and  Current  Dioxin 


Variable 

Statistic 

Minimal 

Maximal 

Ranch 

Hand 

Comparison 

Personality 

n 

506 

717 

834 

769 

Type 

Mean  (n) 

Type  A 

Type  B 
p-Value 

173.9  (222) 
185.2  (284) 
0.401 

112.3  (331) 

128.3  (386) 
0.061 

13.6  (381) 
15.3  (453) 
0.148 

3.5  (325) 

3.6  (444) 
0.685 

^Blaclcs  excluded. 

*’E:hnic  Background  -  A;  English.  Welsh.  Scottish,  or  Irish 

B:  Scandinavian,  German.  Polish,  Russian,  Other  Slavic,  Jewish,  or  French 

C:  Spanish,  Italian,  or  Greek 

D:  Mexican.  American  Indian,  or  Asian 

E:  AlMcan 

AB:  A  or  B 

CDE;  C.  D.  or  E, 

^Composite  Sun  R'^tcUon  Index  (from  reaction  of  skin  after  at  least  2  hours  after  first  exposure  and  reaction  of  skin 
after  repeated  exporure)  -  High:  Bums  painfully  and/or  Sreekles  wiUr  no  un 
Medium:  Bums  and/or  tans  mildly 
Low:  All  other  reactions. 

‘^Diabetic  Class  -  Normal:  <140  mg/dl  2-hour  postprandial  glucose 

Impaired:  2l40-<200  mg/dl  2-hour  postprandial  glucose 

Diabetic:  Verified  past  history  of  diabetes  or  i200  mj/dl  2-hour  postprandial  glucose. 

Note:  All  means  expressed  in  parts  per  triilicn  and  have  been  transformed  from  the  logarithm  (base  2)  scale. 


- 


Under  the  minimal  assumption,  the  Black  and  non-Black  Ranch  Hand  categories  had 
significantly  different  initial  dioxin  means  (134.5  ppt  versus  183.5  ppt,  p=O.011).  Under  the 
maximal  assumption,  the  initial  dioxin  means  were  not  significandy  different  between  the  race 
categories  (p=0.701).  The  current  dioxin  means  were  also  not  significandy  different  between 
the  race  categories  for  all  Ranch  Hand  participants  and  for  all  Comparisons  (Ranch  Hands, 
p=0.904;  Comparisons,  p=0.288). 

As  expected,  the  initial  dioxin  means  differed  significandy,  under  both  assumptions, 
among  the  Ranch  Hands  who  served  as  officers,  enlisted  flyers,  and  enlisted  groundcrew 
(minimal,  p<0.(X)l;  maximal,  p<0.001).  The  initial  dioxin  means,  under  the  minimal 
assumption,  were  91.7  ppt  for  the  officers,  172.3  ppt  for  the  enlisted  flyers,  and  232.1  ppt  for 
the  enlisted  groundcrew.  The  corresponding  means  under  the  maximaJ  assumption  were  61.4, 

134.7,  and  180.2  ppt,  respectively.  TTie  current  dioxin  means  also  differed  significandy  for  all 
Ranch  Hands  (p<0.()01)  and  for  all  Comparisons  (p=0.{X)7).  However,  for  the  Ranch  Hands, 
the  enlisted  groundcrew  had  the  highest  current  dioxin  mean  (officers:  7.7  ppt;  enlisted  flyers: 
16.3  ppt;  enlisted  groundcrew:  23.2  ppt),  whereas,  for  the  Comparisons,  the  officers  had  the 
highest  current  dioxin  mean  (officers:  4.0  ppt;  enlisted  flyers:  3.7  ppt;  enlisted  groundcrew: 

3.2  ppt).  (See  Chapter  2,  Dioxin  Assay,  for  a  further  discussion  of  these  results.) 

DRINKING  HABITS 

Drinking  habits  were  analyzed  on  the  basis  of  current  alcohol  use,  lifetime  alcohol 
history,  current  wine  use,  and  lifetime  wine  history. 

Under  the  minimal  assumption,  the  mean  initial  dioxin  levels  for  Ranch  Hands  with 
current  alcohol  use  values  categorized  as  zero  to  one  drink  per  day,  over  one  but  no  more 
than  four  drinks  per  day,  and  over  four  drinks  per  day  were  marginally  significant  (p=0.051; 

0-1  drink  per  day:  181.8  ppt;  >1-4  drinks  per  day:  158.4  ppt;  >4  drinks  per  day:  276.6  ppt). 
Under  the  maximal  assumption,  the  mean  initial  dioxin  levels  differed  significantly  (p=0.(M9) 
with  corresponding  means  of  121.4  ppt,  105.5  ppt,  and  182.2  ppt  for  increasing  current  alcohol 
use  categories.  However,  when  current  alcohol  use  was  treated  as  a  continuous  variable,  the 
correlation  between  current  alcohol  use  and  initial  dioxin  was  not  significant  under  both 
assumptions  (minimal,  p=0.326;  maximal,  p=0.703). 

For  all  Ranch  Hand  participants,  the  mean  current  dioxin  levels  did  not  differ 
significantly  among  the  current  alcohol  use  categories  (p=0.1Ti).  The  differences  were 
marginally  significant  for  all  Comparisons  (p=0.1(X);  0-1  drink  per  day:  3.6  ppt;  >1-4  drinks 
per  day;  3.2  ppt;  >4  drinks  per  day:  4.5  ppt).  The  correlation  between  current  alcohol  use, 
when  treated  as  a  continuous  variable,  and  current  dioxin  was  nonsignificant  for  both  groups 
(Ranch  Hands,  p=0.255;  Comparisons,  p=0.523). 

Under  both  assumptions,  mean  initial  dioxin  levels  differed  significantly  among  Ranch 
Hands  who  had  lifetime  alcohol  history  values  of  0  drink-years,  over  0  but  no  more  than  40 
diink-ycan,  and  over  40  drink-years  (minimal,  p=0.012;  maximal,  p=0.001).  (See  Chapter  7, 
Malignancy  Assessment,  for  a  definition  of  drink-years.)  For  these  lifetime  alcohol  history 
categories,  the  mean  initial  dioxin  levels  for  the  minimal  cohon  were  233.7,  167.5,  and  192.8 
ppt,  respectively.  For  the  maximal  coiiort,  the  corresponding  mean  initial  dioxin  levels  were 

163.7,  110.1,  and  134.3  ppt,  respectively.  Under  both  assumptions,  however,  the  correlation 
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between  lifetime  alcohol  history  and  initial  dioxin  was  not  significant  when  lifetime  alcohol 
history  was  treated  as  a  continuous  variable  (minimal,  p=0.318;  maximal,  p=0.125). 

The  mean  current  dioxin  levels  were  significantly  different  among  the  lifetime  alcohol 
categories  for  all  Ranch  Hand  participants  (p=0.021).  The  current  dioxin  means  for  the 
categories  of  0  drink-yean,  over  0  but  no  more  than  40  drink-years,  and  over  40  drink-years 
were  18.7, 13.4,  and  15.8  ppt.  For  all  Comparisons,  the  differences  in  the  mean  current  dioxin 
levels  were  not  significant  (p=0.810).  When  lifetime  alcohol  history  was  treated  as  a 
continuous  variable,  the  correlation  between  lifetime  alcohol  history  and  current  dioxin  was 
not  significant  for  both  groups  (Ranch  Hands,  pi=0.728;  Comparisons,  p=0.894). 

Under  both  the  minimal  and  maximal  assumptions,  the  mean  initial  dioxin  levels  differed 
significantly  between  Ranch  Hands  who  reported  they  did  not  drink  wine  and  Ranch  Hands 
who  report^  they  drank  wine  at  the  time  of  the  1987  examination  (minimal,  p<0.(X)l; 
maximal,  p<0.(X)l).  The  mean  initial  dioxin  levels  for  the  minimal  cohort  were  197,2  ppt  for 
Ranch  Hands  with  zero  drinks  per  day  and  148.5  ppt  for  Ranch  Hands  with  more  than  zero  . 
drinks  per  day.  For  the  maxim, al  cohort,  the  corresponding  mean  initial  dioxin  levels  were 
139.9  ppt  and  92.1  ppt.  When  current  wine  use  was  treated  as  a  continuous  variable,  a 
significant  negative  correlation  between  current  wine  use  and  initial  dioxin  was  exhibited 
under  both  assumptions  (minimal,  p=0.01I;  maximal,  p=0.003). 

For  all  Ranch  Hand  participants,  the  mean  current  dioxin  level  was  significantly  higher 
for  Ranch  Hands  who  reported  they  did  not  drink  wine  than  for  Ranch  Hands  who  reponed 
they  drank  wine  at  the  time  of  the  1987  examination  (p<0.CX)l).  The  current  dioxin  means 
were  16.7  ppt  and  1 1,3  ppt  for  the  two  current  wine  use  strata  (i.e.,  0  drinks  per  day  and  >0 
drinks  per  day).  However,  the  correlation  between  current  wine  use,  when  treated  as  a 
continuous  variable,  and  current  dioxin  was  nonsignific.mt  for  all  Ranch  Hand  panicipants 
(p=0.1 10).  For  all  Comparisons,  the  current  dioxin  means  did  not  differ  significantly  between 
the  two  current  wine  use  categories  (p=0.656).  The  correlation  between  current  wine  use 
and  current  dioxin  v/as  also  nonsignificant  for  the  Comparisons  (p=0.853). 

The  mean  initial  dioxin  levels  differed  significantly  among  the  lifetime  wine  history 
categories  (0  drink-years,  >0-10  drink-years,  and  >10  drink-years)  under  both  assumptions 
(minimal,  p<0.001:  maximal,  p<0.001).  Under  the  minimal  assumption,  the  mean  initial  dioxin 
levels  were  207.4,  151.9,  and  117.9  ppt  for  the  lifetime  wine  history  categories  (0  drink-years, 
>0-10  drink-years,  and  >10  drink-years).  Under  the  maximal  assumption,  the  corresponding 
means  were  144.2,  97.1,  and  87.5  ppt,  respectively.  WOien  lifetime  wine  history  was  treated 
as  a  continuous  variable,  a  .sig.nificant  negative  correlation  between  lifetime  wine  history  and 
current  dioxin  was  exhibited  under  both  assumptions  (minimal,  pcO.OOl;  maximal,  p=0.004). 

There  was  a  significant  difference  in  the  mean  current  dioxin  levels  for  all  Ranch  Hand 
participants  with  lifetime  wine  history  values  of  0  drink-years,  greater  than  0  but  no  more 
than  10  drink-years,  and  greater  than  10  drink-years  fp<0.001).  The  mean  current  dioxin 
levels  were  16.9,  11.8,  and  12.9  ppt  for  the  lifetime  wine  history  categories,  respectively.  For 
all  Ranch  Hand  participants,  there  was  a  marginally  significant  negative  correlation  between 
lifetime  wine  history,  when  n-eated  as  a  continuous  variable,  and  current  dioxin  (p=O.C86). 

For  all  Comparisons,  the  difference  in  mean  current  dioxin  levels  among  the  lifetime  wine 
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history  categories  was  not  significant  (p=0.482).  In  contrast  to  the  Ranch  Hands,  the 
coiTclation  between  lifetime  wine  history  and  current  dioxin  was  positive,  but  nonsignificant 
for  all  Comparisons  (p=0.603). 

SMOKING  HABITS 

The  covaiiates  used  to  evaluate  smoking  habits  were  current  cigarette  smoking  and 
lifetime  cigarette  smoking  history. 

Under  the  minimal  and  maximal  assumptions,  the  mean  initial  dioxin  levels  were  not 
significantly  different  for  Ranch  Hands  with  current  cigarette  smoking  habits  categorized  as 
follows:  never  smoked,  formerly  smoked,  smoked  no  more  than  20  cigarettes  per  day,  and 
smoked  over  20  cigarettes  per  day  (minimal,  p=0.603;  maximal,  p=0208),  SLinilariy,  the 
mean  current  dioxin  levels  were  not  significantly  different  among  the  de^ed  current  cigarette 
smoking  categories  for  all  Ranch  Hand  participants  (p=0.587).  However,  for  all  Comparisons, 
there  was  a  significant  difference  in  the  mean  current  dioxin  levels  among  the  current 
cigarette  smoking  categories  (p<0.001).  The  mean  current  dioxin  levels  were  4.3  ppt  for 
those  who  never  smoked,  3.5  ppt  for  those  who  formerly  smoked,  2.9  ppt  for  those  who 
smoked  no  more  than  20  cigarettes  per  day,  and  3.1  ppt  for  those  who  smoked  over  20 
cigarettes  per  day. 


When  current  cigarette  smoking  was  treated  as  a  continuous  variable,  the  correlation 
between  initial  dioxin  and  current  cigarette  smoking  was  not  tignificant  under  both 
assumptions  (minimal,  p!s0.758;  maximal,  p=0.355).  However,  for  all  Ranch  Hand 
participants,  the  correlation  between  current  dioxin  and  current  cigarette  smoking  was 
significantly  negative  (p=0.049).  For  all  Comparisons,  there  w«  also  a  significant  negative 
association  between  current  dioxin  and  current  cigarette  smoking  (p=0.035). 

Mean  initial  dioxin  levels  were  compared  for  Ranch  Hands  who  had  categorized  lifetime 
cigarette  smoking  history  values  of  0  pack-yean,  up  to  10  pack-years,  and  over  10  pack- 
years.  (Sec  Chapter  7  for  a  definition  of  pack-years.)  Under  both  assumptions,  the  means 
were  not  significantly  different  (minimal,  p=0.749;  maximal,  p=0.621).  In  addition,  mean 
current  dioxin  levels  also  did  not  differ  significantly  among  all  Ranch  Hand  participants  for  the 
categorized  lifetime  cigarette  smoking  history  values  (p=0.297).  However,  there  was  a 
significant  difference  in  mean  current  dioxin  levels  for  all  Comparisons  (p<0.001;  0  pack- 
years:  4.3  ppt;  >0-10  pack-years:  2.9  ppt;  >10  pack-years:  3.6  ppt). 

The  correlation  between  initial  dioxin  and  lifetime  cigarette  smoking,  when  treated  as  a 
continuous  variable,  was  not  significant  under  both  assumptions  (minimal,  p=0.147;  maximal, 
p=0.783).  Likewise,  the  correlation  between  current  dioxin  and  lifetime  cigarette  smoking 
was  not  signific^t  for  all  Comparisons  (p=0.719).  However,  for  all  Ranch  Hand  participants, 
there  was  a  significant  negative  correlation  between  current  dioxin  and  lifetime  cigarette 
smoking  (p=0.006). 

SUN  EXPOSURE  CHARACTERISTICS 

The  following  covariates  characterize  sun  exposure  and  reaction  to  sun  exposure: 
average  lifetime  residential  latitude,  ethnic  background,  skin  color,  hair  color,  eye  color, 
reaction  of  skin  to  sun  after  at  least  2  hours  of  exposure  after  first  exposure,  reaction  of  skin 
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to  sun  after  repeated  exposiu-c,  and  a  composite  sun-reaction  index.  These  variables  were 
candidate  covariates  for  the  skin  neoplasm  analyses.  Since  Blacks  were  excluded  in  the 
analyses  of  skin  neoplasms,  they  were  also  excluded  in  these  analyses. 

A  line  connecting  San  Francisco,  California,  and  Richmond,  Virginia,  approximates.  37 
degrees  North  latitude.  Participants  were  classified  into  two  categories  dqjcnding  on 
whether  their  average  lifetime  residential  latitude  was  above  or  below  37  degrees  North 
latitude.  The  determination  of  each  participant’s  average  lifetime  rcsidcatial  latitude  is 
discussed  in  Chapter  7.  Under  both  the  minimal  and  maximal  assumptions,  the  initial  dioxin 
means  did  not  differ  significantly  between  Ranch  Hands  who  resided  in  the  nerthem  latitudes 
(^37*  N.  latitude)  and  those  who  resided  in  the  southern  latitudes  (<37*  latitude) 
(minimal,  p=0.128;  maximal,  p=0.247).  The  current  dioxin  means  also  did  not  differ 
significantly  between  the  north  and  the  south  for  all  Ranch  Hand  participants  (p=0.596)  and 
for  all  Comparisons  (p=0.786). 

For  this  study,  ethnic  background  was  divided  into  five  categories  (A;  English,  Welsh, 
Scottish,  or  Irish;  B:  Scandinavian,  German,  Polish,  Russian,  Other  Slavic,  Jewish,  or  French; 
C;  Spanish,  Italian,  or  Greek;  D:  Mexican,  American  Indian,  or  Asian;  E;  African).  These 
five  categories  were  combined  into  rwo  categories  for  this  analysis  (A  and  3  in  one  category; 
C,  D,  and  E  in  the  other).  Under  the  minimal  assumption,  there  v/as  a  significant  difference  in 
the  mean  initial  dioxin  levels  between  these  two  categories  (p=0.022;  AB;  179.8  ppt,  CDE: 
260.4  ppt).  The  mean  initial  dioxin  levels  also  differed  significantly  under  the  maximal 
assumption  (p<0.001;  AB:  1 16.5  ppt;  CDE:  214.8  ppt).  For  all  Raiich  Hand  participants 
there  was  a  significant  difference  in  the  mean  current  dioxin  levels  (p<0.001;  AB;  14.0  ppt; 
C^E:  29,1  ppt),  but,  for  all  Comparisons,  the  difference  m  the  current  dioxin  means  was  not 
significant  (p^sO.l  15).  For  the  Ranch  Hands,  the  current  dioxin  mean  was  greater  for  the 
CDE  category,  whereas,  for  the  Comparisons,  the  AB  category  had  the  larger  current  dioxin 
mean. 


There  were  no  significant  differences,  under  either  assumption,  in  the  mean  initial  dioxin 
levels  between  Ranch  Hands  with  sJdn  color  categorized  as  peach  and  diose  whose  skin 
color  was  not  peach  (minimal,  p=0.952;  maximal,  p=0.293).  The  difference  in  the  mean 
current  dioxin  levels  was  nonsignificant  for  ail  Ranch  Hand  participants  (p=0.354)  and  for  all 
Comparisons  (p=0.582). 


Under  both  assumptions,  the  initial  dioxin  means  were  significantly  different  between 
Ranch  Hands  with  black  or  dark  brown  hair  and  other  Ranch  Hands  (minimal,  p=0.(X)8; 
maximal,  p=0.005).  The  means,  under  the  minimal  assumption,  were  196.7  ppt  for  black  or 
daric  brown  hair  and  158.4  ppt  for  other  hair  colon.  Under  the  maximal  assumption,  the 
corresponding  means  were  129,0  and  104.2  ppt.  The  difference  in  the  current  dioxin  means 
was  significant  for  all  Ranch  Hand  participants  (pM).004),  bat  not  for  all  Comparisons 
(p=0.486).  For  the  Ranch  Hands,  the  current  dioxin  means  were  15.7  ppt  (black/dark  brown) 
and  12.2  ppt  (other);  whereas,  for  the  Comparisons,  the  current  dioxin  mean  was  lower  for 
the  black/dark  brown  hair  category  than  for  the  other  category. 

No  significant  association  was  found  between  eye  color  and  initial  dioxin  under  the 
minimal  assumption  (p=0.101).  However,  under  the  maximal  assumption,  there  was  a 
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marginally  significant  difference  in  the  initial  dioxin  means  among  the  eye  color  categories  of 
brown,  hazcl/grccn,  and  grey/blue  (p=0.097).  The  initial  dioxin  means  were  135.4,  113.5,  and 
114.4  ppt,  respectively.  For  all  Ranch  Hand  participants,  the  association  between  eye  color 
and  current  dioxin  was  nonsignificant  (p=0.103).  There  was,  however,  a  marginally 
significant  association  for  all  Comparisons  (p=0.072).  The  current  dioxin  means  fer  the 
Comparisons  were  3.4,  3.4,  and  3.9  ppt  for  the  brown,  hazeVgreen,  and  grey/blue  categories. 

The  reaction  of  one’s  skin  after  at  least  2  hours  of  exposure  to  the  sun,  aft-T  th ;  first 
exposure,  was  not  significantly  associated  with  initial  dioxin  under  either  assumptiu  •, 
(minimal,  p=0.720;  maximal,  p=0.995).  There  was  also  no  significant  association  with  current 
doxin  for  all  Ranch  Hand  participants  (p=0.997).  For  ail  Comparisons,  however,  there  was  a 
marginally  significant  difference  in  the  current  dioxin  means  among  the  skin  reaction 
categories  (p=0.062).  The  means  were  3.5  ppt  for  Comparisons  who  reported  they 
experienced  no  reaction,  3.5  ppt  for  those  who  became  r^  3.7  ppt  for  those  who  burned,  and 
5.0  ppt  for  those  who  burned  painfully. 

The  reaction  of  one’s  skin,  after  repeated  exposure  to  the  sun,  was  not  significantly 
associated  with  initial  dioxin  under  the  minimal  assumption  (p=0.565).  However,  under  the 
maximal  assumption,  there  was  a  marginally  significant  association  (p=0.094).  The  initial 
dioxin  means  were  118.2  pp:  for  those  who  reponed  they  tanned  deep  brown,  1 13.8  ppt  for 
those  who  tanned  moderately,  149.4  ppt  for  those  who  tanned  mildly,  and  138.1  ppt  for  those 
who  freckled  with  no  tan.  For  all  Ranch  Hand  participants,  there  was  no  significant 
association  between  current  dioxin  and  skin  reaction  to  repeated  sun  exposure  (p=0.507). 

For  all  Comparisons,  however,  the  differences  in  the  current  dioxin  means  among  the  skin 
reaction  categories  (tanned  deep  brown,  tanned  moderately,  tanned  mildly,  and  freckled  with 
no  tan)  were  marginally  significant  (p=0.088).  The  current  dioxin  means  were  3.4,  3.8,  3.4, 
and  5.6  ppt,  respectively. 

A  composite  sun-reaction  index  was  formed  from  the  two  skin  reaction  measures  and 
categorized  as  follows:  high  (bums  painfully  and/or  fi-eckles  with  no  tan),  medium  (bums 
and/or  tans  mildly),  and  low  (all  other  reactions).  The  mean  initial  dioxin  levels  for  these 
categories  did  not  differ  significantly  under  both  the  minimal  and  the  maximal  assumptions 
(minimal,  p^.764;  maximal,  p=C  .  19).  There  were  also  no  significant  differences  in  the  mean 
current  dioxin  levels  for  all  Ranch  Hand  participants  (p=0.496).  However,  for  all 
Comparisons,  the  current  dioxin  means  differed  significantly  (p=0.008)  with  means  of  3.5,  3.4, 
and  5.1  ppt  for  the  low,  medium,  and  high  sun  reaction  categories. 

EXPOSURE  TO  CARCINOGENS 

Information  was  gathered  on  each  participant’s  exposure  to  21  different  carcinogens. 

(Sec  Chapter  7  for  a  discussion  of  these  carcinogens.)  These  carcinogens  were  divided  into 
two  sets.  The  first  set  c.>nsisted  of  asbestos,  ionizing  radiation,  industrial  chemicals, 
herbicides,  insecticides,  and  degreasing  chemicals.  The  other  set  contained  anthracene, 
arsenic,  benzene,  benzidine,  chromate,  coal  tar,  creosote,  aminodiphenyl,  chloromethyl  ether, 
musmd  gas,  naphthyiamine,  cutting  oils,  trichloroethylene,  ultraviolet  light,  and  vinyl 
chloride.  A  composite  carcinogen  exposure  variable  was  created  from  the  second  set.  The 
response  was  coded  as  “yes”  if  the  individual  had  been  exposed  to  any  of  the  15 
carcinogens. 
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The  mean  initial  dioxin  levels  did  not  differ  between  those  Ranch  Hands  who  had  been 
exposed  to  ionizing  radiation  and  those  who  had  not  been  exposed  (minimal,  p*0.118; 
maximal,  p=0.626).  There  was  also  no  significant  difference  in  the  current  dioxin  means  for  all 
Comparisons  (p=0.833).  However,  for  all  Ranch  Hands,  there  was  a  marginally  si^ificant 
difference  in  the  current  dioxin  means  between  those  who  had  been  exposed  to  ionizing 
radiation  and  those  who  had  not  been  exposed  (p=0.070;  exposed:  12.3  ppt,  not  exposed: 

15.0  ppt). 

Under  both  the  minimal  and  maximal  assumptions.  Ranch  Hands  who  had  been  exposed 
to  industrial  chemicals  had  a  significantly  higher  mean  initial  dioxin  level  than  those  who  had 
not  been  exposed  (minimal,  p=0.(X)3;  maximal,  p<0.001).  Under  the  minimal  assumption,  the 
mean  initial  dioxin  levels  were  196.8  ppt  for  those  who  hi-id  been  exposed  and  157.8  ppt  for 
those  who  had  not  been  exposed.  Under  the  maximal  assumption,  the  means  were  138.8  ppt 
and  100.0  ppt  Ranch  Hand  participants  who  had  been  exposed  to  industrial  chemicals  also 
had  a  higher  mean  current  dioxin  level  than  those  who  had  nor  been  exposed  (p<0.001; 
c.xposed:  16.6  ppt;  not  exposed:  12.1  ppt).  There  was  also  a  significant  difference  for  all 
Comparisons  (p=0.043),  but  the  exposed  category  had  a  lower  current  dio.xin  level  mean  dian 
the  nonexposed  category  (exposed:  3.4  ppt;  not  exposed:  3.3  ppt). 

Under  the  minimal  assumpnori  mere  was  a  marginally  significant  difference  in  the  mean 
initial  dioxin  levels  between  Ranch  Hands  who  had  been  exposed  to  insenicides  and  those 
who  had  not  been  exposed  (173.0  ppt  versus  200  5  ppt;  p=0.074).  Under  the  maximal 
assumption,  the  difference  wa.s  not  significant  (p=0.484).  For  all  Ranch  Hand  participants 
and  for  all  Comparisons,  the  mean  current  dioxin  levels  did  not  differ  between  the  two 
insecticide  exposure  categories  (Ranch  Hands,  p=0.391;  Comparisons,  p=0.430). 

Under  both  assumptions,  the  Ranch  Hands  who  reported  being  exposed  to  degreasing 
chemicals  had  a  higl.er  mean  initial  dioxin  level  than  those  who  had  not  been  exposed 
(minimal,  p=0.001;  .maxinial,  p<0.(X)l).  The  means,  under  the  minimal  assumption,  were 
196.0  ppt  for  those  who  had  been  exposed  and  150.5  ppt  for  those  who  had  not  been  exposed. 
Under  the  maximal  assumption,  the  corresponding  means  were  137.3  ppt  and  94.5  ppt, 
respectively.  The  mean  current  dioxin  level  was  also  higher  for  all  Ranch  Hand  participants 
who  reported  exposure  to  degreasing  chemicals  than  for  those  who  repotted  no  exposure 
(17.1  ppt  venus  10.9  ppt;  p<0.001).  For  all  Comparisons,  the  difference  was  nonsignificant 
(p=0.926). 

For  the  other  two  carcinogens  in  the  first  set  (asbestos  and  herbicides),  no  significant 
differences  in  the  initial  dioxin  means  were  found  between  the  exposed  category  and  the 
nonexposed  category,  under  both  assumptions.  There  were  also  no  significant  differences  in 
the  current  dioxin  means  for  all  Ranch  Hands  and  all  Compansons  (see  Table  5-1  for  the 
associated  significance  probabilities). 

There  was  no  signific.int  difference,  under  the  minimal  assumption,  bcr.veen  the  initial 
dioxin  mean  for  those  who  had  been  exposed  to  benzene  and  the  initial  dioxin  mean  for  those 
who  had  not  been  exposed  (p=0.201).  However,  under  the  maximal  assumption,  those  who 
had  been  exposed  to  benzene  had  a  marginally  higher  initial  dioxin  mean  than  those  who  had 
not  been  exposed  (162.6  ppt  versus  1 18.4  ppt;  p--=0.089).  The  current  dioxin  means  did  not 
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differ  significantly  for  all  Ranch  Hand  participants  and  for  all  Coinparisons  (Ranch  Hands, 
p=0.522;  Comparisons,  p=0.893). 

Ranch  Hands  who  had  been  exposed  to  chromate  had  a  marginally  higher  initial  dioxin 
mean,  under  the  minimal  assumption,  and  a  significantly  higher  initiai  dioxin  mean,  under  the 
maximal  assumption,  than  those  who  had  not  been  exposed  (minimal,  p=0.057;  maximal, 
pM).034).  The  means  under  the  minimal  assumption  were  232.5  ppt  for  the  exposed  category 
and  176.6  ppt  for  the  nonexposed  category.  Under  the  maximal  assumption,  the 
correspontfing  means  were  159.2  ppt  and  117.5  ppt,  respectively.  For  all  Ranch  Hand 
participants  and  for  all  Comparisons,  the  current  dioxin  means  thd  not  differ  significantly 
(Ranch  Hands,  p=0.160',  Compar  sons,  p=0.593). 

The  mean  initial  dioxin  levels  differed  significantly  between  Ranch  Hands  who  had  been 
exposed  to  aminodiphenyl  and  those  who  had  not  been  exposed,  under  both  assumptions 
(minimal,  p<0.001;  maximal,  p<0.001).  Those  who  had  been  exposed  had  a  lower  mean  than 
those  who  had  not  been  exposed  (minimal,  83.2  ppt  versus  180.5  ppt;  maximal,  83.2  ppt 
versus  119.9  ppt).  For  all  Ranch  Hand  participants  and  for  all  Comparisons,  the  mean  current 
dioxin  levels  did  not  differ  significantly  (Ranch  Hands,  p=0.998;  Comparisons,  p=0.649). 
However,  there  were  only  two  Ranch  Hand  participants  and  four  Com.parisons  who  had  been 
exposed  to  aminodiphenyl. 

Under  the  minimal  assumption,  there  was  no  significant  difference  between  the  initial 
oioxin  mean  for  Ranch  Hands  who  had  been  exposed  to  chlororaethyl  ctlicr  and  the  mean  for 
those  who  had  not  been  exposed  (p=0.648).  Under  the  maximal  assumption,  the  difference 
was  marginally  significant  (p=0.070).  The  means  were  65.4  ppt  for  those  who  reponed  being 
exposed  to  chloromethyl  ether  and  120.5  ppt  for  those  who  reported  no  exposure,  There 
were,  however,  only  three  Ranch  Hands  in  the  minimal  cohort  and  eight  in  the  maximal  cohort 
who  had  been  exposed  to  chloromethyl  ether.  The  current  dioxin  means  for  the  two  cxpo.sure 
categories  did  not  differ  significantly  for  all  Comparisons  (p=0.267),  but  did  differ  significantly 
for  all  Ranch  Hand  participants  (p=O.OI5;  exposed;  6.0  ppt,  not  exposed:  14.J  ppt). 

Under  the  maximal  assumption,  the  mean  initial  dioxin  level  for  those  Ranch  Hands  who 
had  been  exposed  to  naphthyiamine  was  significantly  higher  than  for  those  who  had  not  been 
exposed  (179.5  ppt  versus  1 18.2  ppt;  p=0.028).  The  difference  was  not  significant  under  the 
minimal  assumption  (p=0.249).  For  all  Ranch  Hand  participants  and  for  all  Comparisons, 
there  was  no  significant  difference  between  the  naphthyiamine  exposure  categories  (Ranch 
Hands,  p=0.217;  Comparisons.  p=0.759). 

Under  both  assumptions,  there  was  no  significant  difference  in  the  initial  dioxin  means 
for  Ranch  Hands  who  were  exposed  to  cutting  oils  and  those  who  were  not  (minimal. 
p=0.706;  maximal,  p=0.924).  There  was  also  no  significant  difference  in  the  cunent  dioxin 
means  for  all  Ranch  Hand  participants  (p=0.693).  For  all  Comparisons,  however,  the  current 
dioxin  mc.an  was  marginally  lower  for  those  who  had  been  exposed  to  cutting  oils  than  for 
those  who  had  not  been  exposed  (3.0  ppt  versus  3.7  ppt;  p=0.076). 

Ranch  Hands  in  the  maxima]  cohon  who  had  been  exposed  to  trichloroethylene  had  a 
marginally  higher  initial  dioxin  mean  than  those  who  had  not  been  exposed  (142.4  ppt  versus 
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1 17.3  ppt;  p=0.092).  The  difference  was  not  significant  under  the  minimal  as-sumption 
(p=0,I70).  There  was  also  no  significant  difference  in  the  current  dioxin  means  for  oil  Ranch 
Hand  participants  and  for  all  Comparisons  (Ranch  Hands,  p=0.547;  Comparisons,  p=0.3S6). 

With  respect  to  the  remaining  carcinogens  in  the  second  set  (anthracene,  arsenic, 
benzidine,  coal  tar,  creosote,  mustard  gas,  ultraviolet  light,  and  vinyl  chloride),  the  initial 
dioxin  means  did  not  differ  significantly  between  the  exposed  and  nonexposed  categories. 
Similarly,  for  all  Ranch  Hand  participants  and  all  Comparisons,  the  current  dioxin  means  were 
not  significantly  different  between  the  exposed  and  nonexposed  categories.  Table  5-1 
presents  the  associated  significance  probabilities. 

For  the  composite  carcinogen  exposure  variable,  under  the  minimal  assumption,  there 
was  no  significant  difference  between  tlie  initial  dioxin  mean  of  the  exposed  category  and  the 
Initial  dioxin  mean  of  the  nonexposed  category  (p=0.209).  Under  the  maximal  assumpdon, 
those  Ranch  Ha.nds  who  had  been  exposed  to  any  of  die  carcinogens  in  the  second  set  had  a 
significandy  higher  inidal  dioxin  mean  than  those  who  had  not  been  exposed  (134.2  ppt 
venus  1 14.7  ppt;  p=0.045).  The  mean  cuiTcnt  dioxin  level  was  also  significandy  higher  for  ail 
Ranch  Hands  who  had  been  exposed,  as  compared  to  those  who  had  not  been  c.xposed  (16.4 
ppt  versus  13.6  ppt;  p=0.038).  In  contrast,  for  .ill  Comparison.s.  those  who  had  not  been 
exposed  to  any  of  the  carcinogens  had  a  higher  current  dioxin  mean  (3.6  ppt)  than  ;hosc  who 
had  been  expo,scd  (3.3  ppt),  but  the  difference  was  not  signifc.int  (p=0.157). 

PERSONAL  AND  FAMILY  HEALTH 

The  personal  health  covariates  used  in  dus  study  were  cholesterol,  high-density 
lipoprotein  (HDL),  choIcstcrol-HDL  ratio,  diabetic  class,  differential  conisol  response,  and 
percent  body  fat.  Family  health  was  al.so  taken  into  account  by  means  of  funily  history  of 
heart  di.sea.se  and  family  history  of  heart  disease  before  the  age  of  50.  No  participants  were 
excluded  from  the  association  analy.scs  for  these  variables 

The  correlation  between  cholcstcrn)  and  initial  dioxin  was  not  significant  under  either 
assumption  (minimal,  p=0.217;  maximal  p=0.215).  Tlic  differences  in  the  initial  dioxin  means 
for  the  tlirce  cholesterol  categoncs  (<2fX)  mg/dl;  >2(X)-230  nnydl;  >230  mg,'dl)  were  also 
non.signific.int  under  both  assumption.s  (minim.ij,  p=0.227;  ma.xim.il.  p--0.362).  For  all  R.inch 
Hand  participants  and  for  all  Com  pari  .so  ns,  the  correlation  between  cunent  dioxin  and 
cholesterol  was  not  significant  (Ranch  Hards,  p=0. 137;  Comp.irisons,  p-0. 196).  The  current 
dioxin  means  also  did  not  differ  significantly  among  the  cholesterol  categories  (Ranch  Hand.s, 
p=O.I75;  Comparisons,  p=0.139). 


Under  the  minimal  assumption,  there  wxs  a  marginally  significant  negative  correlation 
berween  HDL  and  ini'ial  dioxin  (p^.OW).  However,  the  initial  dioxin  mc.ins  for  the  three 
HDL  categories  (£40  mg/dl;  >40- .50  mg/dl;  >50  mg/dl)  did  not  differ  sig.nificantly  /p^0.4tX)). 
Under  the  maximal  assumption,  there  was  a  signific.-’Jit  negative  correlation  between  HDL 
and  initial  dioxin  (p<0.00n,  and  the  differences  in  the  initial  dioxin  means  among  the  HDL 
categories  was  also  significant  (p<0.(X)I;  <40  mg,^dl;  138.6  ppt;  >40-50  rng'dl;  121  7  ppt; 
>50  mtVdl;  99.6  ppt).  The  correlation  b’Ctwccn  cutTeut  dioxin  and  HDL  was  significant  for  all 
Ranch  Hand  panicipants  (p<0.Wl)  and  for  all  Comparisons  (p=0.005).  The  mv-.in  current 
dioxin  levels  also  differed  significantly  among  the  tlDL  categnnes  for  both  groups  (Ranch 


Hands,  p<0.001;  Comparisons,  p=^,008).  For  all  Ranch  Hand  participants,  the  means  were 
17.5, 14.5,  and  1 1.6  ppt  for  the  HDL  categories  (<40  mg/dl,  >40-50  mg/dl,  and  >50  mg/dl). 

For  a”  Comparisons,  the  corresponding  means  were  3.9,  3.7,  and  3.1  ppt,  respectively. 

The  results  for  the  cholestcrol-HDL  ratio  were  similar,  but  Ln  the  opposite  direction,  to 
the  HDL  results.  Under  the  minimal  assumption,  there  was  a  marginally  significant  positive 
correlation  between  initial  dioxin  and  the  cholestcrol-HDL  ratio  (p*C.076),  but  the  initial 
dioxin  means  did  not  differ  significantly  among  the  choIcstcrol-HDL  categories  (p=0.104). 
Under  the  maximal  assumption,  there  was  a  significant  conelation  between  initial  dioxin  and 
the  cholestcrol-HDL  ratio  (pcO.OOl)  and  there  was  a  significant  difference  in  the  initial  dioxin 
means  (p<0.001;  £4.2:  97.0  ppt;  >4.2-5.5:  124.5  ppt;  >5.5:  139.3  ppt).  For  all  Ranch  Hand 
participants  and  for  ail  Comparisons,  there  was  a  significant  positive  correlation  between 
cutrent  dioxin  and  the  cholestcrol-HDL  ratio  (Ranch  Hands,  p<0.001;  Comparisons, 
p=0.002).  The  current  dioxin  means  for  the  cholestcrol-HDL  categories  also  differed 
significantly  for  both  groups  (Ranch  Hands.  pcO.OOl;  Comparisons,  p=0.001).  For  the 
cliolcsterol-HDL  ratio  categories  (<4.2.  >4.2-5.5,  and  >5.5),  the  current  dioxin  means  were 
11.3,  15.2,  and  17.2  ppt  for  the  Ranch  Hands  and  LO,  3.9,  and  3.9  ppt  for  the  Comparisons. 

Under  the  minimal  assumption,  there  was  a  marginally  significant  difference  in  the  mean 
initial  dioxin  levels  for  Ranch  Hands  classified  a.s  normal,  impaired,  and  diabetic  (p=0.095). 
The  mean  initial  dioxin  levels  were  174.4,  176.2,  and  221.9  ppt  for  tfic  normal,  impaired,  and 
diabetic  classes.  Under  the  ma.ximal  assumption,  the  mean  initial  dioxin  levels  differed 
significantly  among  the  three  diabetic  classes  (p*0.001;  normal:  112.8  ppt;  impaired:  123.7 
ppq  diabetic:  169.9  ppt). 

For  all  Ranch  Hand  participants,  a  significant  difference  in  the  mean  current  dioxin  levels 
was  exhibited  among  the  three  diabetic  classes  (p=0.(X)l).  The  means  were  13.5,  14.8,  and 
21.9  ppt  for  the  normal,  impaired,  and  diabetic  classifications.  For  all  Comparisons,  there  was 
also  a  significant  difference  in  the  mean  current  dioxin  levels  for  the  three  diabriic  classes 
(p“0.028).  The  means  were  3.4,  4.0,  and  4.5  ppt,  respectively. 

The  correlation  between  initial  dioxin  and  differential  cortisol  response  was  not 
significant  under  cither  the  minimal  or  maximal  assumptions  (minimal,  p=0.583;  maximal, 
p=0.1 12).  However,  the  differences  in  the  initial  dioxin  means  among  the  differential  cortisol 
response  categories  0^0-6  )ig/'dl;  >0.6-4. 0  j.ig/dl;  >4.0  pg/di)  were  maiginaJly  significant 
under  the  minimal  assumption  (p=0.056)  and  significant  under  the  maximal  assumption 
{p=0.007).  The  initial  dioxin  means  were  191.7,  189.0,  and  155.5  ppt  under  the  minimal 
assumption  and  132.0,  127.5,  and  101.4  ppt  under  the  raiximal  assumption.  For  all  Ranch 
Hand  participants,  there  was  a  significant  negative  ccrrelaiion  between  current  dioxin  and 
differential  cortisol  response  (p=0.027)  and  a  significant  difference  in  the  current  dioxin  means 
among  the  differential  cortisol  response  categories  (p<0.001;  <0.6  pg,'d]:  15.7  ppt:  >0.6-4. 0 
pg/dl:  16.4  ppt:  >4.0  pg/dl:  1 1.5  ppt).  For  oil  Ccmpari.sons,  neither  the  correlation  between 
current  dioxin  xnd  differential  cortisol  response  (p=0.152)  nor  the  difference  in  the  current 
dioxin  means  among  the  differential  cortisoi  response  categories  (p=0.315)  was  significant. 


Percent  body  fat  and  initial  dioxin  exhibited  a  significant  positive  correlation  un-a  r  both 
assumptions  (minimal,  p=0.00l;  mixim.il,  p<0-001).  Tlicrc  was  also  a  significant  posiciv'* 


correlation  between  percent  body  fat  and  current  dioxLn  for  all  Ranch  Hand  participants  and  for 
all  Comparisons  (Ranch  Hands,  p<0.001;  Comparisons,  p<0.001). 

Under  both  the  nunimal  and  maximal  assumptions.  Ranch  Hands  who  had  been 
classified  as  obese  had  a  significantly  higher  mean  initial  dioxin  level  than  these  who  had 
been  classified  as  normal  or  lean  (minimal,  p=0.018;  maximal,  p<0.(X)l).  The  means,  under 
the  minimal  assumption,  were  21 1.4  ppt  for  the  obese  category  and  170.4  ppt  for  the 
normal/lean  category.  Under  the  maximal  assumption,  the  corresponding  means  were  161.1 
ppt  and  110.2  ppt,  respectively.  Similarly,  for  current  dioxin  levels,  all  Ranch  Hands  who  had 
been  classified  as  obese  had  a  higher  mean  current  dioxin  level  than  those  who  had  been 
classified  as  normal  or  lean  (p<0. 001;  obese;  22.4  ppr,  normal/lcan;  12.9  ppt).  The  mean 
current  dioxin  level  for  all  Comparisons  who  had  been  classified  as  obese  was  also  higher 
than  the  mean  for  all  Comparisons  who  had  teen  classified  as  normal  or  lean  (p<0.001; 
obese:  4.4  ppt;  ncrma!/lcan:  3.3  ppt). 

Under  both  the  minimal  and  the  maximal  assumptions,  there  was  no  significant 
association  between  initial  dioxin  and  cither  family  history  of  heart  disease  (minimal, 
p=0.793;  maximal,  p-0.867)  or  family  history  of  heart  disease  before  the  age  of  50  (minimal. 
p=0.979;  maximal,  For  all  Ranch  Hand  participants  ana  for  ail  Comparisons,  the 

association  with  current  dioxin  was  also  nonsignificant  for  family  history  of  heart  disease 
(Ranch  Hands,  p=0.591;  Comparisons,  p=0.765)  and  for  fimily  history  of  heart  disease  before 
the  age  of  50  (Ranch  Hands,  p^.970;  Comparisons,  p=0.134). 

OTHER  CHARACTERISTICS 

Tlic  relationship  with  initial  and  current  dioxin  was  also  examined  for  education,  blood 
type,  presence  of  pre-Souiheast  Asia  (SEA)  acne,  and  pcisonality  type. 

Ranch  Hands  v/ith  only  a  high  .school  education  had  a  significanUy  higher  mean  initial 
dioxin  level  than  those  with  a  college  cducadon,  under  both  assumptions  (minimal.  p-^.OOl; 
maximal,  p<0.001).  Under  the  mini.mal  assumption,  the  means  were  198.0  ppt  and  153.4  ppt 
for  the  high  school  and  college  categories.  Under  the  maximal  assumption,  the  means  were 
153.1  ppt  and  89.3  ppt,  respectively.  Tnc  mean  c;irrcnt  dioxin  level  for  all  Ranch  Hand 
participants  with  only  a  high  school  education  was  significantly  greater  tha,!  the  mean  for  all 
Ranch  Hand  panicipants  with  a  college  education  (18.2  ppi  versus  11.1  ppt;  p<0.001).  For  all 
Comparisons,  the  college  graduates  had  a  larger  current  dioxin  mean  than  those  with  only  a 
high  .school  education,  but  the  difference  was  not  significa.nt  (p=0.378). 


No  significant  differences  in  the  mean  initial  dioxin  levels  were  found  among  the  four 
blood  types  (A,  D,  AB,  and  O)  under  cither  the  minimal  or  the  maximal  assumption  (minimal, 
p=0.973;  maximal.  p=0.593).  For  all  Ranch  Hand  participants  and  for  all  Comparisons  the 
differences  in  the  mean  current  dioxin  levels  among  the  four  blood  types  were  also 
nonsignificant  (Ranch  Hands,  p=^0.773;  Comparisons,  p=0.469). 

Under  tltc  minimal  a.nd  maximal  assumptions,  the  initial  dio.xin  mean  for  the  Ranch 
Hands  with  acne  prior  to  their  first  SEA  tour  was  not  significantly  different  from  the  mean  for 
those  without  acr.c  before  their  first  SEA  tour  (minimal.  p=0.523.  maximal.  p=0.309)  Tlic 
current  dioxin  means  also  did  not  differ  signific.antly  between  the  Ranch  Hand  pojticipan's 
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with  prc-SEA  acne  and  those  without  (p=0.8i9)  nor  between  the  Comparisons  with  and 
without  pre-SEA  acne  (p=0.246). 

Under  the  minimal  assumption,  the  mean  initial  dioxin  levels  for  individuals  classified  as 
cither  type  A  or  type  B  (by  the  Jenkins  Activity  Survey  administered  at  the  1985  followup 
examination)  were  not  significantly  different  (p=0.401).  However,  under  the  maximal 
assumption,  the  mean  initial  dioxin  levels  for  Ranch  Kandls  classified  as  type  A  (112.3  ppt) 
and  Ranch  Hands  classified  as  type  B  (128.3  ppt)  were  marginally  different  (p=0.001).  For 
ail  Ranch  Hand  participants,  the  difference  in  the  mean  current  dioxin  levels  between  type  A 
and  type  B  individuals  was  not  significant  (p=0.148).  For  all  Comparisons,  there  was  also  no 
significant  difference  in  the  mean  current  dioxin  levels  (p=0.685). 

• 

SUMMARY 

Among  the  matching  variables,  age  and  occupation  exhibited  a  significant  association 
with  dioxin  in  one  direction  for  Ranch  Hands  and  in  the  opposite  direction  for  Comparisons. 
Age  had  a  negative  correlation  with  initial  dioxin  for  Ranch  Hands  under  the  minimal  and 
maximal  assumptions  and  a  negative  correlation  with  current  dioxin  for  all  Ranch  Hands; 
whereas,  for  all  Comparisons,  age  and  current  dioxin  were  positively  correlated.  In  the 
analysis  of  occupation,  the  dioxin  means  were  greatest  for  Ranch  Hands  in  the  enlisted 
groundcrew,  but  for  Comparisons,  the  officers  had  the  greater  dioxin  means,  although  all 
Comparison  means  were  below  generally  accepted  background  levels  (10  ppt). 

For  most  of  the  alcohol  variables,  a  significant  association  was  exhibited  with  initial 
dioxin  for  the  minimal  and  maximal  cohorts,  anti  with  current  dioxin  for  ail  Ranch  Hands. 
However,  for  all  Comparisons,  the  association  with  current  dioxin  was  not  significant.  For 
Ranch  Hands,  the  correlations  berween  alcohol  use  and  dioxin,  when  significant,  tended  to  be 
negative. 

For  both  smoking  variables  (current  cigarette  smoking  and  lifetime  cigarette  smoking 
history),  the  current  dioxin  means  differed  significantly  among  the  smoking  categories  for  all 
Comparisons.  In  botls  cases  the  correlation  between  smoking  and  diox’n  was  negative.  In 
contrast,  for  the  minimal  and  maximal  cohorts  and  for  all  Ranch  Hands,  the  dioxin  means  did 
not  differ  significantly. 

The  only  sun  exposure-related  variables  that  had  a  significant  association  with  dioxin 
were  ethnic  background  and  hair  color  for  Ranch  Hands  and  the  composite  sun  reaction  index 
for  Comparisons. 

In  the  analyses  of  the  carcinogen  exposure  variables — degreasing  chemicals,  chromate, 
and  naphthylaminc — the  exposed  category  had  a  higher  dioxin  mean  than  the  nonexposed 
category,  when  the  dioxin  means  differed  significantly.  Li  the  analyses  of  aminodiphenyl  and 
chloromethyl  ether,  the  nonexposed  category  had  a  higher  mean  than  the  exposed  category. 
Ranch  Hands  (including  those  in  the  minimi  and  maximal  cohorts  and  all  Ranch  Hands)  who 
had  been  exposed  to  industrial  chemicals  had  higher  dioxin  means  than  those  who  had  not 
been  exposed;  whereas.  Comparisons  who  had  been  exposed  to  industrial  chemicals  had  a 
lower  dioxin  mean  than  those  who  had  not  been  exposed.  For  the  composite  carcinogen 
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exposure  variable.  Ranch  Hands  with  an  affirmative  response  had  a  higher  dioxin  mean  than 
those  who  had  not  been  exposed  to  any  of  the  15  specific  carcinogens. 

Among  the  personal  and  family  health  variables,  percent  body  fat  and  the  cholesterol- 
HDL  ratio  showed  a  significant  positive  correlation  with  dioxin  for  Ranch  Hands  and 
Comparisons,  and  HDL  showed  a  significant  negative  correlation  with  dioxin.  For  both 
Ranch  Hands  and  Comparisons,  diabetic  class  also  exhibited  a  significant  association  with 
dioxin,  in  which  the  dioxin  means  were  greatest  for  the  diabetic  category. 

Education  was  the  only  other  variable  to  be  significantly  associated  with  dioxin.  This 
association,  in  which  college  graduates  had  a  lower  dioxin  mean  than  high  school  graduates, 
was  only  significant  for  Ranch  Hands. 

CONCLUSION 

Many  of  the  significant  associations  between  dioxin  and  the  covariates  in  the  Ranch 
Hand  group  can  be  attributed  to  an  indirect  effect  of  occupational  rank,  which  is  highly 
associated  with  current  serum  levels  of  dioxin.  For  example,  the  decreasing  relationship 
between  age  and  dioxin  occurred  because  enlisted  groundcrew,  who  have  the  highest  current 
dioxin  levels  of  the  Ranch  Hands,  were  also  the  youngest  occupational  category,  while 
officers,  who  have  the  lowest  levels,  were  the  oldest  occupational  category.  Adjusting  for 
occupation,  the  association  between  dioxin  and  age  became  nonsignificant  under  both  the 
minirnal  (p=0.138)  and  maximal  (p=0.712)  assumptions.  By  contrast,  the  reason  for  the 
significant  positive  association  with  age  in  the  Comparison  group  is  not  as  apparent,  but  may 
be  due  to  accumulation  of  normal  background  levels  with  time. 

Significant  associations  in  the  Ranch  Hand  group  between  dioxin  and  education, 
industrial  chemical  expos’ore,  degreasing  chemical  exposure,  and  wine  consumption  can  also 
be  explained  by  occupational  differences  (officen  were  more  likely  to  be  college  educated, 
less  likely  to  have  been  exposed  to  industrial  or  degreasing  chemicals,  and  more  likely  to 
drink  wine  than  the  enlisted  personnel).  As  with  age,  these  associations  (except  for  lifetime 
wine  consumption  under  the  minimal  assumption)  became  nonsignificant  after  adjusting  for 
occupation. 

More  difficult  to  undentand  arc  the  associations  in  the  Comparison  group  between 
current  levels  of  dioxin  with  several  of  the  covariates.  Most  of  the  Comparison  group  are 
assumed  to  have  background  levels  (97.8%  are  less  than  10  ppt)  and  there  is  no  obvious 
related  factor  (such  as  occupation)  that  could  explain  the  associations.  Of  the  51  covariates 
(discrete  and  continuous  venions  counted  as  one),  9  were  significant  .at  or  below  the  0.05 
level.  By  chance  alone,  one  would  expect  about  two  significant  association.s.  The 
interrelatedness  of  some  of  the  covariates  may  have  inflated  the  number  of  significant  results 
observed.  Most  of  the  significant  associations  were  for  the  health  variables  (HDL, 
cholcstcrol-HDL  ratio,  diabetes,  and  percent  body  fat)  that  were  also  associated  significantly 
with  dioxin  in  the  Ranch  Hand  group. 
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CHAPTER  6 


GENERAL  HEALTH  ASSESSMENT 


INTRODUCTION 

Background 

Most  of  the  published  reports  on  the  effects  of  herbicides  on  human  health  have  been 
based  on  studies  of  Vietnam  veterans  and  on  civilian  populations  exposed  to  trichlorophenols 
by  occupation  or  as  a  consequence  of  industrial  accidents.  Though  potentially  lethal  effects  of 
extreme  phenoxyherbicide  intoxication  recently  have  been  reported  (1,  2),  the  long-term 
health  effects  of  low-dose  exposure  remain  uncertain. 

In  laboratory  animals,  dioxin  toxicity  is  species-  and  strain-.specific  and  appears  to 
correlate  with  the  presence  of  the  “Ah  receptor,”  a  stcrecspccific  protein  receptor  found  in 
the  cytosol  of  selected  organs  capable  of  binding  aromatic  hydrocarbons  (3-7).  Though  the 
relevance  of  these  observations  to  dioxin  toxicity  in  humans  remains  to  be  proven, 
epidemiologic  studies  nonetheless  have  focused  on  biologic  endpoints  that  have  been  defined 
in  animal  models  including  immunotoxicity,  carcinogenicity,  genetic/rcproductive  outcomes, 
hepatotoxicity,  and  neurotoxicity.  Each  of  these  are  considered  in  detail  in  subsequent 
chapters  or  in  other  reports  from  the  Air  Force  Health  Study  (AFHS). 

Prior  to  the  AFHS  scrum  dioxin  analysis,  the  inability  to  estimate  dioxin  exposure 
accurately  has  led  to  criticism  and  caution  in  the  interpretation  of  all  previous  studies  on  the 
effects  of  herbicides  on  human  health.  Techniques  have  been  developed  that  permit  the 
accurate  detection  of  minute  (in  parts  per  trillion)  amounts  of  dioxin  in  humans,  first  in 
adipose  tissue  (8,  9,  10),  and  more  recently,  in  blood  (1 1,  12).  Based  on  the  serum  dioxin 
level,  the  current  body  burden  can  thus  be  detennined  and,  employing  a  half-life  of  7.1  years 
(13),  the  extent  of  past  exposure  can  be  estimated  objectively. 

The  importance  of  the  serum  dioxin  assay  to  this  and  other  epidemiolcgic  studies  cannot 
be  ov'Tcmphasized.  The  Centers  for  Di.seasc  Control  (CDC)  study  of  serum  dioxin  levels  in 
Viein.  m  veterans  established  that  pre-riously  employed  indices  of  exposure  based  on  military 
record ;  were  invalid  and,  secondly,  that  there  was  no  significant  difference  between  Vietnam 
and  non- Vietnam  veterans  in  the  current  body  burden  of  dioxin  when  military  records  were 
used  a.';  the  basis  for  deteraiiring  exposure  (14).  Several  preliminary  reports  on  the  levels  of 
serum  dioxin  in  AFHS  participants  have  been  published  (15-18).  TTicse  studies  leave  no 
doubt  mat,  of  the  close  to  3  million  members  of  the  armed  forces  who  served  in  Southeast 
Asia  (SEA),  the  1,300  Ranch  Hand  personnel  were  among  those  most  highly  exposed  to 
dioxin  and  that,  within  this  group,  the  enlisted  groundcrew  responsible  for  handling  tlie 
hcrbici  ie  and  maintaining  the  herbicide  spray  equipment  were  most  exposed. 

In  addition  to  the  first  examination  repon  of  the  current  study  (19),  the  results  of 
several  investigations  have  been  reponed  focusing  on  the  incidence  of  selected  cancers  in 
veterans  (20,  21).  From  these  results,  the  CDC  Selected  Cancer  Study  established  a  link 
betv/een  Vietnam  experience  and  an  increased  risk  of  non-Hodgkins  lymphoma  (22)  and  the 
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AFHS  found  an  increased  risk  of  basal  cell  skin  cancer  among  Ranch  Hands.  None  of  the 
results  established  a  link  between  herbicide  exposure  and  malignant  disease. 

As  summarized  m  the  comprehensive  literature  reviews  of  Clement  and  Associates  (23, 
24),  two  large-scale  epidemiologic  studies  were  published  in  1988  that  are  pertinent  to  the 
general  health  of  Viemam  veterans  (25-28).  The  largest  of  these  and  the  most 
methodologically  sound  was  the  Vietnam  ^perience  Study  (VES),  which  compared  the 
psychosocial  (29),  physical  (30),  and  reproductive  (31)  health  of  dose  to  20,(X)b  veterans, 
half  of  whom  serv^  in  SEA.  Of  interest,  the  Agent  Orange  component  of  the  VES  was 
canceled  when,  based  on  preliminary  serum  dioxin  data  firom  veterans,  it  became  clear  that 
previously  employed  indices  of  herbidde  exposure  in  ground  troops  were  invalid  and  that 
there  was  no  significant  difference  between  Vietnam  and  non-Vietnam  veterans  in  the 
current  body  burden  of  dioxin  (14)  when  military  records  were  used  to  determine  the 
likelihood  of  indiddual  exposure. 

The  published  results  of  the  VES  are  similar  to  other  studies.  Vietnam  veterans 
perceived  themselves  to  be  in  worse  health  than  non-Vietnam  veterans  but  data  from  the 
medical  examination  failed  to  reveal  any  significant  health  detriment  apart  from  combat- 
related  hearing  loss  (30).  Semen  analysis  revealed  minor  differences  in  the  cohorts  with  no 
detectable  effect  on  reproductive  outcomes  (31)..  There  was  a  significantly  increased 
incidence  of  psychological  disorders  in  the  Vietnam  veterans  including  depression,  anxiety 
disorders,  drug/alcohol  abuse,  and  combat-related  post-traumatic  stress  disorder  (29). 
Consistent  with  a  large-scale,  all-cause  mortality  study  of  Wisconsin  veterans  (32),  there 
was  no  significant  difference  in  overall  mortality  detected  between  the  cohorts  (33). 

The  second  study,  the  American  Legion  Study  (26,  27,  28),  attempted  to  compare  the 
general  health  and  potential  effects  of  herbicide  exposure  in  6,810  American  Legion  veterans, 
42  percent  of  whom  served  in  Vietnam.  Design  limitations  in  this  study  are  such  that  few 
conclusions  can  be  drawn  beyond  that,  in  self-reported  questionnaires,  Vietnam  veterans 
perceive  themselves  to  be  in  worse  health  than  non-Vietnam  veterans.  Furthermore,  given 
the  evidence  cited  above  (14)  that  most  Vietnam  and  non- Viemam  veterans  do  not  differ  in 
the  current  body  burden  of  dioxin,  the  exposure  indices  employed  in  this  smdy  must  now  be 
considered  invtilid. 

More  detailed  summaries  of  the  pertinent  scientific  literature  for  the  general  health 
assessment  can  be  found  in  the  report  of  the  previous  analyses  of  the  1987  examination  data 
(34). 

Summary  of  Previous  Anal-ses  of  the  1987  Examination  Data 

The  general  health  in  the  Ranch  Hand  and  Comparison  groups  was  assessed  by  five 
measures  (self-perception  of  health,  appearance  of  illness  or  distress,  relative  age,  percent 
body  fat,  and  the  erythrocyte  sedimentation  rate  [ESR]).  There  were  no  significant  group 
differences,  either  unadjusted  or  adjusted  for  covariates  (age,  race,  occupation,  and,  in  the 
case  of  self-perception  of  health  and  sedimentation  rate,  personality  type),  nor  any  significant 
group-by-covariaie  interactions  for  self-perception  of  hedth,  appearance  of  illness  or 
distress,  relative  age,  or  percent  body  fat  There  was  little  difference  in  the  geometric  mean 
values  of  ESR  m  the  two  groups,  but  the  Ranch  Hand  group  had  a  significantly  higher 
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percentage  of  individuals  with  an  abnormal  sedimentation  rate  (>20  mm/hr)  than  the 
Comparisons.  However,  only  three  participants  (two  Ranch  Hands  and  one  Comparison) 
were  found  to  have  rates  in  excess  of  100  mm/hr.  One  participant  (a  Comparison)  proved  to 
have  lung  cancer  and  died  in  early  1989.  For  neither  of  the  two  Ranch  Hands  was  a  diagnosis 
established  during  the  course  of  the  1987  examination.  Longitudinal  analyses  revealed  a 
similar  decline  in  both  groups  over  time  in  the  percentage  of  individuals  reporting  their  health 
as  fair  or  poor.  For  sedimentation  rate,  there  was  a  significant  difference  between  groups  in 
the  change  from  Baseline  to  the  1987  followup  examination,  witii  a  relatively  greater  number 
of  Ranch  Hands  Lhan  Comparisons  shifting  from  normal  at  Baseline  to  abnormal  at  the 
followup  examination.  The  clinical  meaning  of  this  observation  is  unknown. 

Parameters  of  the  General  Health  Assessment 
Dependent  Variables 

The  serum  dioxin  analysis  general  health  assessment  was  based  on  data  from  the  1987 
questionnaire,  physical  examination,  and  laboratory  examination  data.  The  variables 
analyzed  were  identical  to  those  in  the  1982  and  1985  examinations. 

Questionnaire  Data 

During  the  questionnaire  health  interview,  each  study  participant  was  asked, 

“Compared  to  other  people  your  age,  would  you  say  your  hedth  is  excellent,  good,  fair,  or 
poor?”  This  self-reported  perception  was  analyzed  as  a  measure  of  the  general  health  status 
of  each  participant,  though  susceptible  to  varying  degrees  of  conscious  and  subconscious 
bias.  This  variable  was  dichotomized  as  exccUcnt/good  and  fair/poor  for  sDtistical  analyses. 

No  participants  were  excluded  for  medical  reasons  from  the  an.alysis  of  this  variable. 

Physical  Examination  Data 

Three  variables  derived  from  the  physical  examination  were  analyzed  in  the  assessment 
of  general  health.  The  physician  at  the  examination  recorded  the  appearance  of  illness  or 
distress  (yes/no)  of  the  study  participant.  The  physician  also  noted  the  appearance  of  the 
subject  as  younger  than,  older  titan,  or  the  same  as  his  stated  age.  To  the  degree  that  the 
examining  physicians  were  kept  blind  to  the  participant’s  group  membership,  these 
assessments  were  less  subject  to  bias  than  the  self-perception  of  health. 


Percent  body  fat,  a  measure  of  the  relative  body  mass  of  an  individual  and  calculated 
from  height  and  weight  recorded  at  the  physical  examination,  was  also  atialyzed.  Percent 
body  fat  was  calculated  from  a  metric  b^y  mass  index  (35);  the  formula  was 

Percc.nt  Body  Fat  =  [Height  (m)]^  ^  1.264  -  13.305. 

This  variable  was  analyzed  in  both  the  discrete  and  continuous  forms.  For  purposes  of 
discrete  analyses,  percent  body  fat  was  dichotomized  as  lean/normal  (125  percent)  and 
obese  (>25  percent).  Lean  participants  were  analyzed  with  normal  participants  due  to  the 


6-3 


sparse  number  of  people  in  this  study  considered  lean  (<1%).  This  variable  docs  not  reflect 
changes  in  weight  since  service  in  SEA. 

No  participants  were  excluded  for  medical  reasons  from  the  analyses  of  these  three 
variables. 

Laboratory  Exanunation  Data 

The  ESR  (mm/hr),  measured  at  the  laboratory  exanunation,  was  analyzed.  Although 
nonspecifre,  a  high  sedimentation  rate  is  a  generally  accepted  indicator  of  an  ongoing  disease 
process.  This  variable  was  analyzed  in  both  the  discrete  and  continuous  forms.  The 
logarithmic  transformadon  was  used  to  enhance  stadsdeal  normality  for  condnuous  analyses. 

No  participants  were  excluded  for  medical  reasons  from  the  analysis  of  this  variable. 

% 

Covariates 

The  effects  of  the  covariates  age,  race,  and  personality  type  were  examined  in  the 
assessment  of  general  health  in  adjusted  statistical  analyses.  Age  and  race  were  used  for 
analyses  witli  all  dependent  variables.  Age  was  useo  in  its  continuous  form  for  all  adjusted 
analyses.  Personality  type  was  used  in  the  analysis  of  seif-perception  of  health  and 
sedimentation  rate  only.  Personality  type  was  determined  from  the  Jenkins  Activity  Survey 
administered  during  the  1985  followup  examination.  This  variable  was  derived  from  a 
discriminant-function  equation  based  on  questions  that  best  discriminate  men  judged  to  be 
type  A  from  those  judged  as  type  B  (36).  Positive  scores  reflect  the  type  A  direction  ard 
negative  scores  the  type  B  dilution.  Penonality  type  was  dichotomized  as  type  A  and  type 
B  for  ail  analyses.  Because  the  Jenkins  Activity  Survey  was  not  administered  at  the  1987 
followup  examination,  participants  at  the  1987  followup  examination  who  had  not  attended 
the  1985  followup  examination  had  missing  information  for  personality  type. 

Relation  to  Baseline,  1985,  and  1987  Studies 

As  noted  above,  the  same  variables  were  analyzed  for  the  serum  dioxin  analysis  as  for 
the  Baseline,  1985,  and  1987  studies. 

For  longitudinal  analyses,  sedimentation  rate  was  analyzed  as  a  discrete  variable.  The 
normal  range  for  sedimentation  rats  for  the  Baseline  examination  was  less  than  or  equal  to  12 
mm/hr;  the  Scripps  Clinic  and  Research  Foundation  (SCRF;  normal  range  for  sedimentation 
rate  for  the  19  '  examination  was  less  than  or  equal  to  20  mm/hr.  Self-perception  of  health 
was  also  analyzed  in  the  longitudinal  analyses. 

Statistical  Methods 

Chapter  4,  Statistical  Methods,  describes  the  basic  statistical  analysis  methods  used  in 
this  chapter. 

Table  6-1  summarizes  the  statistical  analyses  performed  for  the  general  health 
assessment  The  first  part  of  this  table  describes  the  dependent  variables,  the  source  of  the 
data  used  for  the  analysis,  the  form(s)  of  the  data  (discrete  and/or  continuous),  and  outpoints. 


6-4 


TABLE  6-1. 

Statistical  Analysis  for  the  G^reral  Health  Assessment 


Dependent  Variables 


Data 

Data 

Candidate 

Statistical 

Variable  (Units) 

Source 

Form 

Cutpoints 

Covariates 

Analyses 

Self-Perception 

Q-SR 

D 

Fair/Poor 

AGE,RACE, 

UJ-R 

of  Health 

Exccllent/Good 

PERS 

A;LR 

LiR 

Appeararxe  of 

PE 

D 

Yes 

AGE.RACE 

UiR 

Illness  or 

No 

A:LR 

Distress  by 

Physician 

Relative  Age 

PE 

D 

Older 

AGE.RACE 

UJ-R 

Samc/Younger 

A:LR 

Percent  Body  Fat 

PE 

D/C 

Obese:  >25% 

AGE,RACE 

UiR,GLM 

Lcan/Normal: 

AiR,GLM 

Sedimentation 

LAB 

D/C 

Abnormal:  >20 

AGE.RACE, 

U:LR,GLM 

Rate  (mm/hr) 

Normal:  <20 

PERS 

A±R,GLM 

LiR 

Covariates 

Data 

Data 

Variable  (Abbreviation) 

Source 

Form 

Cutpoints 

Age  (AGE) 

MIL 

D/C 

Bom  Si 942 

Bom  <1942 

Race  (RACE) 

MEL 

D 

Black 

Non-Black 

Personality  Type  (PERS 

) 

PE 

D 

A  Direction 

(1985) 

B  Direction 

6-5 


TABLE  6-1.  (Continued) 

Statistical  Analysis  for  the  General  Health  Assessment 


Abbreviations 


Data  Source; 


Data  Form: 


LAB— 1987  SCRF  laboratory  results 
MIL-Air  Force  military  records 
PE  (1985)— 1985  SORF  physical  examination 
PE- 1987  SCRF  physical  examination 
Q-SR-1987  NORC  questionnaire  (self-reported) 

D-Discrete  analysis  only 

D/C-Discrete  and  continuous  analyses  for  dependent  variables; 
appropriate  form  for  analysis  (cither  discrete  or  continuous) 
for  covariates 


Statistical  Analyses:  U-Unadjusted  analyses 
A— Adjusted  analyses 
L-Longitudinal  analyses 

Statistical  Methods:  GLM- General  linear  models  analysis 
LR-Logistic  regression  analysis 
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This  table  also  presents  candidate  covariatcs  examined  in  adjusted  analyses.  To  conserve 
space,  abbreviations  arc  used  extensively  in  the  body  of  the  table  and  arc  defined  in 
footnotes. 

The  second  part  of  this  table  provides  a  further  description  of  candidate  covariatcs. 
Standard  abbreviations  for  these  variables,  which  will  be  used  subsequently  in  this  chapter, 
arc  presented,  as  well  as  data  source,  data  form,  and  outpoints. 

Table  6-2  provides  a  list  of  the  number  of  participants  with  missing  data  for  the 
dependent  variables  and  covariatcs  described  in  Table  6-1. 

Appendix  E  contains  graphic  displays  of  individual  dependent  variables  versus  initial 
dioxin  for  dte  mimmal  and  maximal  Ranch  Hand  cohorts,  and  individual  dependent  variables 
versus  current  dioxin  for  Ranch  Hands  and  Comparisons.  Appendix  E  also  presents  graphics 
for  dioxin-by-covariatc  interactions  determined  by  various  statistical  models.  A  guide  to 
assist  in  interpreting  the  graphics  is  found  in  Chapter  4. 

Three  statistical  analysis  approaches  were  used  to  examine  the  association  between  a 
health  status  dependent  variable  and  seram  dioxin  levels.  One  model  related  a  dependent 
variable  to  each  Ranch  Hand’s  initial  dioxin  value  (extrapolated  from  current  dioxin  values 
using  a  first-order  pharmacokinetic  model).  A  second  model  related  a  dependent  variable  to 
each  Ranch  Hand’s  current  serum  dioxin  value  and  each  Ranch  Hand’s  time  since  tour.  The 
phrase  “time  since  tour”  is  often  referred  to  as  “time”  in  discussions  of  these  results.  Both 
of  these  models  were  implemented  u.ndcr  the  minimal  and  ma-ximal  assumptions  (i.e.,  ”  anch 
Hands  with  current  dioxin  above  10  ppt  and  above  5  ppt,  respectively).  The  third  model 
compared  the  dependent  variable  for  Ranch  Hands  having  currctit  dioxin  values  categorized 
as  unknown,  low,  and  high  with  Compari.<;ons  having  background  levels.  The  contrast  of  the 
entire  Ranch  Hand  group  witii  the  uo^nplerc  Comparison  group  can  be  found  in  the  prev'ous 
report  of  analyses  of  the  1987  exumi.nation  (34).  All  three  models  were  implemented  with 
and  without  covariate  adjustment.  Chapter  4  provides  a  more  detailed  discussion  of  the 
models. 

RESULTS 
Exposure  Analysis 
Questionnaire  Variable 

Self-Perception  of  I-Iealth 

Model  1:  Ranch  Hands  - 1-0^2  (Initial  Dioxin) 

An  unadjusted  analysis  revealed  no  significant  association  between  self-pcrcepticn  of 
health  and  initial  dioxin  under  the  minimal  assumption  (Table  6-3  [a]:  p=0.471).  Under  the 
maximal  assumption,  the  estimated  relative  risk  was  of  borderline  significance  (Table  6-3 
[b]:  p=0.058,  Esn  RR=1.23).  Under  the  maximal  assumption,  the  associated  relative 
frequencies  for  a  fair  or  poor  self-perception  of  health  at  low,  medium,  and  high  initial  dioxin 
levels  were  4.9,  5.9,  and  7.0  percent. 
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TABLE  6-2. 


Number  of  Participants  With  Missing  Data  for  the 
General  Health  Assessment 


_ Jigaimption  Categorized  Current  Dioxin 

Variable  (Ranch  Hands  Only)  Ranch 


Variable 

Use 

Minimal 

Maximal 

Hand 

Comparison 

Self-Perception 
of  Health 

DEP 

0 

0 

0 

1 

Appearance  of  Illness 
or  Distress  by 
Physician 

DEP 

0 

0 

0 

1 

Personality  Type 
(1985) 

COV 

15 

25 

27 

35 

DEP-Dependent  variable  (missing  data). 
COV-Covariate  (missing  data). 


TABLE  6-3. 


Analysis  of  Self-Perceptioii  of  Health 


Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Fair/Poor 

Est.  Relative 
Risk  (95%  C.L)a 

p-Valuc 

a)  Minimal 

Low 

130 

3.4 

1.10  (0.85,1.44) 

0.471 

(n«521) 

Medium 

260 

in 

High 

131 

7.6 

b)  Maximal 

Low 

185 

4.9 

1.23  (1.00,1.50) 

0.058 

(n=742) 

Medium 

371 

5.9 

High 

186 

7.0 

Ranch  Hando  -  Logb 

llnitiai  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariatc 

Assumption 

Risk  (95%  C.I.)a  p- 

Value  Remarks 

c)  MinLnaJ  1.14  (0.87, 1.49)**  0.360**  ■  INIT*AGE  (p=0.045) 

(n»521) 


d)  1.23  (1.00,1.52)**  0.056**  INIT^PERS  (p=0.046) 

(na717) 


•Rel;Uve  risk  for  i  twofold  incre««  in  diotin. 

**L  -$2  dioxin)-by-covijrnw  iniCTicuon  (0  01<pt;0  05);  wljuJtrtl  relitivc  riik,  confidenc*  intervtJ.  tnd  p-vnlue 

c/rived  from  i  model  fitted  »fter  deletion  of  thi»  mtef»ction. 

Nee;  Minimal-Low:  52-93  pp»;  Medium:  >'J3-292  pji*;  Uinh;  >292  pp<. 

MlXiDlii-Low:  23-56.9  pp«;  Medium:  >56.9-2 IS  ppt;  Hig.b;  >218  ppt. 

INIT;  Logj  (initial  aioji.n). 
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TABLE  6<3.  (Continued) 
Analysis  of  SeIf*Perception  of  Health 


Assumption 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  Fair  or  Poor/(n) 

Current  Dioxin _ 

Time  Est  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)^ 

p-Value 

e)  Minimal 

0.056^ 

"  =521) 

:Sl8.6 

6.9 

5.5 

3.7 

0.64  (0.34,1.20) 

0.166C 

(72) 

(128) 

(54) 

>18.6 

5.2 

8.3 

11.7 

1.22  (0.89,1.67) 

0.213C- 

(58) 

(132) 

(77) 

0  Maximal 

0.314b 

(n=742) 

£18.6 

1.9 

6.3 

3.6 

1.00  (0.68,1.48) 

0.996= 

(106) 

(191) 

(83) 

>18.6 

3.8 

7.8 

9.6 

1.27  (0.99,1.63) 

0.065= 

(79) 

(179) 

(104) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value 

Remarks 

g)  Minimal 

**** 

CURR*TIME*PERS  (p=0.007) 

(n=506) 

<513.6 

**** 

>18.6 

«*«4i 

h)  Maximal 

CURR^TIME^PERS  (p=0.005) 

(n=717) 

^18.6 

**** 

>18.6 

**** 

•Relitive  rijk  for  «  twofold  inctciM  in  dioxin. 

^est  of  jijnificsnce  for  homogeneity  of  relative  ruits  (cnrreni  dioxin  continuous,  lime  categorized). 

'^Test  of  significance  for  relative  risk  oqutl  to  1  (current  dioxin  contin’xsus,  lime  categorized). 

****Log2  icurrent  dioxin)-by-time.by<ovariate  interaction  (piO.Ol);  adjusted  relative  risk,  confidence  interval,  and 
p-vaine  not  presented. 

Not*:  Mi;H3ai--Low;  >10-14.65  ppt;  Medium:  >14.65-45.75  ppf.  High:  >45.75  ppt. 

MAS.UTJli-1-ow:  >5-9.01  ppt;  Medium;  >9.01-33.3  ppi;  High:  >33J  ppt. 

CUTIH:  Logj  (current  dioxin). 

TIME:  Time  since  tour. 
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TABLE  ^3.  (Continued) 
Analysis  of  Self-Perception  of  Health 


I 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Fair/Poor 

Contrast 

EsL  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

785 

5.0 

AH  Categories 

0,253 

Unknown 

345 

3.8 

Unknown  vs.  Backgrou.nd 

0.75  (0.39,1.42) 

0.377 

Low 

196 

7.1 

Low  vs.  Background 

1.47  (0.78,2.77) 

0.231 

High 

187 

7.0 

High  vs.  Background 

1.43  (0.75,2.73) 

0.281 

Total 

U13 

j)  Ranch  Hands  and  Comparisons  by  Currant  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relauve 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

750 

AH  Categories 

0.270 

AGE'PERS  (p«0.041) 

Unknown 

328 

Unknown  vs.  Background 

0.73  (0.37.1.42) 

0.350 

Low 

192 

Low  vs.  Background 

1.46  (0.77,2.75) 

0.244 

High 

181 

High  vs.  Background 

1.40  (0.72,2.71) 

0.323 

Total 

1,451 

Note;  Background  (Compirisons);  Cuiren;  Dioxin  sIO  ppL 
Unknown  (Ranch  Hands);  Curreni  Dioxin  ilO  ppt. 

Low  (Ranch  Hands):  13  pp«  <  C.urrent  Dioxin  i33.3  ppc 
High  (Ranch  Hands):  Current  Doxin  >33J  ppt. 
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Based  on  the  minimal  assumption,  there  was  a  significant  interaction  between  initial 
dioxin  and  age  (Table  6-3  [cj:  p=0.045)  for  the  adjusted  analysis.  To  investigate  this 
interaction,  the  association  between  self-perception  of  health  and  initial  dioxin  was  examined 
separately  for  Ranch  Hands  bom  in  or  after  1942,  and  for  Ranch  Hands  bom  before  1942.  For 
the  younger  Ranch  Hands,  there  was  a  significant  positive  association  between  self- 
perception  of  health  and  initial  dioxin  (Table  E-1:  p=0.049,  Adj.  RR=1.49),  For  the  older 
Ranch  Hands,  a  nonsignificant  negative  association  was  found  between  self-perception  of 
health  and  initial  dioxin  (p=C.522).  Without  the  interaction  of  initial  dioxin  and  age  in  the 
model,  the  association  was  nonsignificant  (p=0.360). 

Under  the  maximal  assumption,  there  was  a  significant  interaction  between  initial  dioxin 
and  personality  type  (Table  6-3  [d]:  p=0.046)  for  die  adjusted  analysis.  To  examine  this 
interaction,  the  association  was  investigated  for  each  personality  type.  For  Ranch  Hands 
classified  as  type  A,  there  was  a  significant  positive  association  between  self-perception  of 
health  and  initial  dioxin  (Table  E-1:  p=0.(X)5,  Adj.  RR=1.57).  For  the  type  B  Ranch  Hands, 
a  nonsignificant  positive  association  was  found  (p=0.912).  Without  the  interaction  of  initial 
dioxin  and  personality  type  in  the  model,  the  adjusted  relative  risk  was  of  borderline 
significance  (Table  6-3  [d]:  p=0.056,  Est.  RR=1.23). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  association  between  self-perception  of  health  with 
current  dioxin  and  time  since  tour,  based  on  the  minimal  assumption,  there  was  a  marginally 
significant  current  dioxin-by-time  interaction  (Table  6-3  [e]:  p=0.036);  thus,  ’he 
relationships  between  self-perception  of  health  and  current  dioxin  differed  .narginally 
between  time  strata  (i.e.,  the  estimated  relative  risks  between  strata  were  marginally 
different).  Neither  of  the  associations  was  significant  within  time  strata  (ill  8.6  years, 
p=0.166;  >18.6  years,  p=0.213). 

Under  the  maximal  assumption,  the  current  dioxin-by-time  interaction  was  not 
significant  for  the  unadjusted  analysis  (Table  6-3  [fj:  p=0.314).  However,  for  Ranch  Hands 
whose  time  exceeded  18.6  years,  the  relative  frequencies  of  Ranch  Hands  with  a  fair  or  poor  y 
self-perception  of  health  increased  marginally  with  current  dioxin  (p=0.065,  Est.  RR=1.27). 

For  the  low,  medium,  and  high  current  dioxin  categories,  the  relative  frequencies  were  3.8, 

7.8,  and  9.6  percent 

In  the  adjusted  analysis,  there  was  a  significint  interaction  among  cunent  dioxin,  time, 
and  personality  type  under  botli  the  minimal  and  the  mxximal  assumptions  (Table  6-3  [g]  and 
[h];  p=0.CX)7  and  p=0.005).  To  investigate  these  interactions,  associations  between  self- 
perception  and  current  dioxin  are  presented  separately  for  each  time  and  personality-type 
stratum.  Under  the  minimal  assumption.  Ranch  Hands  with  personality  type  A  had  a 
significant  current  dioxin-by-time  interaction  (Appendix  Table  E-1:  p=0.036).  There  was  a 
significant  positive  association  between  self-perception  of  health  and  current  dioxin  for  Ranch 
Hands  with  personality  type  A  and  time  greater  than  18.6  yean  (Appendix  Table  E-1: 
p=0.014,  Adj.  RR=1.83).  For  Ranch  Hands  with  personality  type  A  and  time  of  18.6  years  or 
less,  there  was  a  nonsignificant  negative  association  (p=0.106).  The  interaction  of  current 
dioxin  and  time  was  not  significant  (p=0.747)  for  Ranch  Hands  classified  as  type  B.  Under 
the  maximal  assumption.  Ranch  Hands  with  personality  type  A  also  exhibited  a  significant 
interaction  for  current  dioxin  and  time  (Appendix  Table  E-I:  p=O.OI4).  There  also  was  a 
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significant  positive  association  with  current  dioxin  for  Ranch  Hands  wi±  personality  type  A 
and  time  greater  than  18.6  years  (Appendix  Table  E-1:  p=0.001,  Adj,  RR=2.1 1).  For  Ranch 
Hands  with  personality  type  A  and  time  of  18.6  years  or  less,  there  was  a  nonsignificant 
negative  association  (p=0.360).  The  interaction  with  current  dioxin  and  time  was  not 
significant  (p=0.270)  for  type  B  Ranch  Hands. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  both  the  unadjusted  and  the  adjusted  analyses  of  the  frequencies  of  Ranch  Hands 
with  unknown,  low,  and  high  current  dioxin  and  Comparisons  with  background  current  dioxin 
reporting  a  fair  or  poor  self-perccpticn  of  health,  the  contrasts  of  the  four  current  dioxin 
categories  were  not  significant  (Table  6-3  [i]  and  [j]:  p=0.253  and  p=0.270,  respectively). 

Physical  Examination  Variables 

Appearance  of  Illness  or  Distress  by  Physician 
Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  the  physician’s  assessment  as  to  whether  the  study 
panicipani  displayed  illness  or  distress  at  the  physical  examinadon,  there  were 
nonsignificant  associations  with  initial  dioxin  for  both  the  minimal  and  the  maximal 
assumptions  (Table  6-4  [a]  and  [b]:  p=0.478  and  p=0.195).  Because  none  of  the  candidate 
covariates  was  retained  in  the  adjusted  models  under  either  the  minimal  or  the  maximal 
assumptions,  adjusted  relative  risks  and  associated  p-valucs  were  identical  to  those 
presented  for  the  unadjusted  analysis. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 
Under  both  the  minimal  and  maximal  assumptions,  the  unadjusted  analysis  of  the 
association  between  appearance  of  illness  or  distress  with  current  dioxin  and  time  since  tour 
contained  no  significant  current  dioxin-by-time  interaction  (Table  6-4  [c]  and  [f]:  p=0.203 
and  p=0.396,  respectively).  Similar  to  the  adjusted  analyses  for  initial  dioxin,  none  of  the 
candidate  covariates  was  retained  in  the  adjusted  models  under  cither  the  minimal  or  the 
maximal  assumption;  thus,  the  adjusted  results  (Table  6-4  [g]  and  [h])  were  identical  to  the 
unadjusted  results. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis  of  the  frequencies  of  Ranch  Hands  with  unknown,  low,  and 
high  current  dioxin  and  Comparisons  with  background  current  dioxin  displaying  the 
appearance  of  illness  or  distress  at  the  physical  examination,  the  contrast  of  the  four  current 
dioxin  categories  was  not  significant  (Table  6-4  [i]:  p=0.407). 

The  adjusted  analysis  of  appearance  of  illness  or  distress,  based  on  the  four  dioxin 
categories,  contained  a  significant  interaction  between  categorized  current  dioxin  and  age 
(Table  6-4  [j]:  p=0.034).  To  investigate  the  interaction,  separate  adjusted  analyses  were 
performed  for  Ranch  Hands  and  Comparisons  bom  in  or  after  1942  and  those  bom  prior  to 
1942  (Appendix  Table  E-I).  For  younger  participants,  no  Ranch  Hands  and  only  one 
Comparison  were  judged  to  have  had  an  appearance  of  illness  or  distress.  For  older 
participants,  the  ovenill  contrast  was  not  significant  (p=0.236).  An  adjusted  model  without 
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TABLE  6-4. 


Analysis  of  Appearance  of  Illness  or  Distress  by  Physician 


Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.8 

1.36  (0.60,3.09) 

0.478 

(n=521) 

Medium 

260 

0.0 

High 

131 

IJ 

b)  Maximal 

Low 

185 

0.0 

1.61  (0.81,3.21) 

0.195 

(n=742) 

Medium 

371 

0.3 

High 

186 

1.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  C.I.)^ _ p- Value _ Remarks 


c)  Minimal 

1.36  (0.60,3.09) 

0.478 

(n=521) 

d)  Maximal 

1.61  (0.81,3.21) 

0.195 

•  • 

(0=742) 

^Relauve  ruk  for  i  twofold  increase  in  dioxin. 

Note:  Minimal-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High;  >292  ppt 

Maximal-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppq  High;  >218  pp.’. 
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TABLE  6-4.  (Continued) 

Analysis  of  Appearance  of  Dlness  or  Distress  by  Physician 


Assumption 

Ranch  Han<is  -  Log2  (Cuirent  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time  Esl  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)® 

p-Value 

e)  Minimal 

0.203b 

(n=521) 

£18.6 

0.0  0.8 

0.0 

0.28  (0.01,10.02) 

0.488C 

(72)  (128) 

(54) 

>18.6 

0.0  0.0 

2.6 

1.71  (0.68,4.30) 

0.253c 

(58)  (132) 

(77) 

0  Maximal 

0.396b 

(n=742) 

<18.6 

0.0  0.5 

0.0 

0.88  (0.16,4.80) 

0.880C 

(106)  (191) 

(83) 

>18.6 

0.0  0.0 

1.9 

1.88  (0.82,4.30) 

0.1 38C 

(79)  (179) 

(104) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

■ 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p- Value  Remarks 

g)  Minimal 

0.203b 

(n=521) 

£18.6 

0.28  (0.01,10.02) 

0.488C 

>18.6 

1.71  (0.68,4.30) 

0.253c 

h)  Maximal 

0.396b 

(n=742) 

£18.6 

0.88  (0.16,4.80) 

0.880C 

>18.6 

1.88  (0.32,4.30) 

0.1 38C 

^Relative  risk  for  a  twofold  increaM  in  diojtin. 

’’Test  of  significance  for  homogeneity  of  relative  risks  (current  dioain  continuoua.  time  categorized). 
®Test  of  significance  for  rel.-uive  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Miiiimal--Low:  >10-14.65  ppt;  .Medium;  >14,65-45.75  ppt;  High:  >45.75  ppL 
MaAimal-Low:  >5-9.01  ppt;  MHium:  >9.01 -33 J  ppt;  High;  >33.3  ppt. 
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TABLE  6^.  (Continued) 

Analysis  of  Appearance  of  Blness  or  Distress  by  Physician 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 

Current 


n 

Percent 

Yes 

Contrast 

EsL  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

785 

0.5 

All  Categories 

0.407 

Unknown 

345 

0.6 

Unknown  vs.  Background 

1.14  (0.21,6.25) 

0.881 

Low 

196 

0.0 

Low  vs.  Background 

.  .  .. 

•• 

High 

187 

1,1 

High  vs.  Background 

2.11  (0.38,11.61) 

0.390 

Total  U13 


j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 

Risk  (95%  CD 

p-Value 

Covariate 

Remarks 

Background 

785 

All  Categories 

0300** 

DXCAT*  AGE  (p*0.034) 

Unknown 

345 

Unknown  vs.  Background 

1.12  (0J!0.6.18)** 

0.894** 

• 

Low 

196 

Low  vs.  Background 

— 

High 

187 

High  vs.  Background 

3.12  (0.54,18.12)*» 

0.204** 

Total 

1,513 

••Categorized  cmrent  dioxin-by-covariate  interaction  (0.01<ps.0.05);  adjusted  relative  risk,  confidence  interval,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

— :  Relative  risk,  confidence  interval,  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 

Notes:  Background  (Comparisons):  Cunent  Dioxin  slO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  s33  J  ppt 
High  (Ranch  Hands):  Current  Dioxin  >33  J  ppt 
DXCAT:  Categorized  current  dioxin. 


the  interaction  of  categorized  current  dioxin  and  age  also  exhibited  a  nonsignificant  overall 
contrast  (Table  6-4  [j];  p=0.300). 

Relative  Age 

Model  1:  Ranch  Hands  -  Lo%2  (Jnitial  Dioxin) 

In  the  unadjusted  analysis  of  the  physician’s  assessment  of  whether  the  study 
participant  appeared  older  versus  younger  or  the  same  than  his  stated  age,  there  was  no 
significant  association  with  initial  dioxin  under  either  the  minimal  or  maximal  assumption 
(Table  6-5  [a]  and  [bj:  p=0.517  and  p=0.512). 

Under  both  the  minimal  and  maximal  assumptions,  the  association  between  relative  age 
and  initial  dioxin  also  was  not  significant  when  adjusted  for  covariatc  information  (Table  6-5 
[c]  and  [d]:  p=0.660  and  p=0.697,  respectively). 

Model  2:  Ranch  Hands  -  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  relative  age  with  current  dioxin  and  time  since  tour  under 
the  minimal  assumption,  the  interaction  between  current  dioxin  and  time  was  significant 
(Table  6-5  [e]:  p=0.039);  thus,  the  relationships  between  relative  age  and  current  dioxin 
differed  between  time  strata  (i.e.,  the  estimated  relative  risks  between  time  strata  differed 
significantly).  A  significant  positive  association  was  found  for  those  Ranch  Hands  with  time 
of  18.6  years  or  less  (p=0.027,  Est  RR=1.73).  The  relative  frequency  of  individuals  that 
appeared  older  than  their  stated  age  increased  as  current  dioxin  increased  Oow,  2.8%; 
medium,  4.7%;  high,  7.4%).  For  Ranch  Hands  with  time  greater  than  18.6  years,  there  vas  a 
negative  association  between  relative  age  and  current  dioxin  that  was  not  significant 
(p=0.526). 


Under  the  maximal  assumption,  jie  unadjusted  analysis  also  exhibited  a  significant 
interaction  between  current  dioxin  ara  time  (Table  6-5  [f]:  p=0.024).  For  Ranch  Hands  with 
time  of  18.6  years  or  less,  a  signi^.cant  positive  association  was  displayed  between  relative 
age  and  current  dioxin  (p=0.02?,  Est.  RR=1.50).  For  those  individuals  having  rimes  at  or 
below  18.6  years,  the  relative  frequency  of  Ranch  Hands  that  appeared  older  to  the  physician 
was  about  the  same  for  the  low  and  medium  current  dioxin  levels  (2.8%  and  2.6%).  However, 
the  frequency  for  those  Ranch  Hands  at  the  high  current  dioxin  level  was  considerably  greater 
(9.6%).  For  Ranch  Hands  with  times  greater  than  18.6  years,  there  was  a  nonsignificant 
negative  association  (p=0.349). 

In  the  adjusted  analysis  performed  under  the  minimal  assumption,  none  of  the  candidate 
covariates  was  retained  in  the  model;  thus,  the  relative  risks  and  associated  p-values  for  the 
adjusted  analysis  (Table  6-5  [g])  were  identical  to  the  unadjusted  results  (Table  6-5  [e]). 

Under  the  maximal  astjumption,  the  interaction  between  current  dioxin  and  time  was 
significant  (Table  6-5  [h]:  p=0.026);  thus,  the  adjusted  relative  risks  differed  significantly 
between  time  strata.  For  Ranch  Hands  with  time  of  18.6  years  or  less,  there  was  a 
marginally  significant  positive  association  between  relative  age  and  current  dioxin  (p=0.066, 
Adj.  RR=1.42).  For  the  other  time  stratum,  the  negative  association  was  not  significant 
(ptr0.23S). 


if 
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TABLE  6-5. 

Analysis  of  Relative  Age 


Randi  Hands  •  Log2  (Initial  Dioxin)  •  Unadjusted 


Initial 

Percent 

Esl  Relative 

Assumption 

Dioxin 

n 

Older 

Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

3.1 

1.11  (0.81,1.53) 

0.517 

(n=521) 

Medium 

260 

5.4 

High 

131 

5.3 

b)  Maximal 

Low 

185 

3.8 

1.08  (0.86,1.37) 

0.512 

(n=742) 

Medium 

371 

5.4 

High 

186 

4.8 

Ranch  Hands 

•  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.L)a 

p- Value  Remarks 

c)  Minimal 

1.08  (0.77,1.51) 

0.660  AGE*RACE  (p=0.048) 

(n=521) 

d)  Maximal 

1.05  (0.82,1.34) 

0.697  AGE*RACE  (p=0.036) 

(n=742) 

‘Relative  risk  for  a  twofold  increase  in  dioxin. 

^  Note:  Minimal-Low:  52-93  ppu  Medium:  >93-292  ppq  H4h:  >292  ppt 

Maximal-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High:  >218  ppt 


/ 
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TABLE  6-5.  (Continued) 
Analysis  of  Relative  Age 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 


Percent  OIdcr/(n) 


Assumption 


Tune 

Yrs.) 


Low  Medium  His 


Esl  Relative 
Risk  (95%  C.I.)^ 


■Value 


e)  MLiimal  0.039^ 


(n=521) 

£18.6 

2.8 

(72) 

4.7 

(128) 

7.4 

(54) 

1.73  (1.06^.81) 

0.027C 

f)  Maximal 

>18.6 

5.2 

(58) 

5.3 

(132) 

3.9 

(77) 

0.86  (0.53,1.38) 

0.526C 

0.024^5 

(n=742) 

<18.6 

2.8 

(106) 

2.6 

(191) 

9.6 

(83) 

1.50  (1.04,2.15) 

0.028C 

>18.6 

5.1 

(79) 

6.7 

(179) 

3.8 

(104) 

0.85  (0.60,1.20) 

0.349c 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  *  Adjusted 


Assumption 

Hmc 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariate 

Remarks 

g)  Minimal 
(n=521) 

<18.6 

>13.6 

1.73  (1.06,2.81) 

0.86  (0.53,1.38) 

0.039b 

0.027c 

0.526C 

h)  Maximal 
(n=742) 

£18.6 

>18.6 

1.42  (0.98,2.05) 

0.81  (0.56,1.15) 

0.026b 

0.066C 

0.238C 

AGE*RACE  (p=0.035) 

•Relative  risk  for 

a  twofold  ir^reise 

in  dioxin. 

^est  of  significance  for  homogeneity  of  reletive  risks  (current  dioxin  continuous,  time  categorized). 
®Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal-Low:  >10-14.65  ppq  Medium:  >14.65-45.75  ppq  High;  >45.75  ppt. 
fdaximal-Low:  >5-9.01  ppq  Medium:  >9.01-333  ppq  High:  >333  ppt. 
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TABLE  6-5.  (Continued) 
Analysis  of  Relative  Age 


i)  Ranch  Hands  and  Comparisons  by  Cunent  Dioxin  Category  •  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Older 

Contrast 

EsL  Reladve 

Risk  (95%  CJ.) 

p-Value 

Backgrouid 

786 

5.0 

All  Categories 

0.638 

Unknown 

345 

5.2 

Unknown  vs.  Background 

1.05  (0J9,1.87) 

0.856 

Low 

196 

3,6 

Low  vs.  Background 

0.71  (0.31,1.61) 

0.412 

ffigh 

187 

6.4 

High  vs.  Background 

1.31  (0.67,2.56) 

0.424 

Total 

1.514 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 


Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  CX) 

p-Value 

Covariate 

Remarks 

Background 

786 

All  Categories 

0.638 

— 

Unknown 

345 

Unknown  vs.  Background 

1.05  (OJ9.1.07) 

0.856 

Low 

196 

Low  vs.  Background 

0.71  (OJl.1.61) 

0.412 

High 

187 

High  vs.  Background 

1.31  (0.67X.56) 

0.424 

Total 

1,514 

Note:  Backgrovtnd  (Compaiuons):  Current  Dioxin  slO  ppt 
Unknown  (Ranch  Hands):  Current  Dioxin  5IO  ppt. 

Low  (Ranch  Hands):  15  ppt  <.  Current  Dioxin  5.333  ppt. 
High  (Ranch  Hands):  cu  -rent  Dioxia  >333  ppt. 
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Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  frequencies  of  Ranch  Hands  in  the  unknown,  low,  and 
high  current  dioxin  categories  and  Comparisons  in  tlie  background  current  dioxin  category 
appearing  older  than  their  sDted  age,  the  contrasr  of  the  four  cunent  dioxin  categories  was 
nonsignificant  (Table  6-5  [i]:  p=0.638).  For  the  adjusted  analysis,  none  of  the  covariates 
was  retained  in  the  model;  therefore,  the  adjusted  and  unadjusted  analysis  results  were  the 
same. 

Percent  6odj  Fat  (Continuous) 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dbzin) 

Percent  body  fat  displayed  a  significant  positive  association  with  initial  dioxin  under 
both  the  unadjusted  minimal  and  the  unadjusted  maximal  assumptions  (Table  6-6  [a]  and 
[b):  p=0.(X)l  and  p  '0.001).  The  unadjusted  means  for  the  minimal  analysis  within  the 
defined  low,  medium,  and  high  initial  dioxin  levels  were  22.34,  22.15,  and  24.01  percent. 

Under  the  maximal  assumption,  the  corresponding  means  were  20.72,  22.13,  and  23.40 
percent. 

The  adjusted  analysis  also  displayed  a  significant  association  between  percent  body  fat 
and  initial  dioxin  (Table  6-6  [c]  and  [dj;  p=0.001  and  p<0.001).  The  adjusted  means  for  the 
low,  medium,  and  high  initial  dioxin  levels  were  22.38,  22.07,  and  24.05  percent  under  the 
minimal  assumption,  and  20.70,  22.07,  and  23.55  percent  under  the  maximal  assumption. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  based  on  current  dioxin  and  time  since  tour,  neither  the 
minimal  nor  the  maximal  analysis  had  a  significant  current  dioxin-by-time  interaction  (Table 
6-6  [e]  and  [fj:  p=0.817  and  p=0.438,  rcspccti’'cly);  thus,  the  positive  relationships  between 
perretit  body  fat  and  current  dioxin  between  the  time  straa  were  not  statistically  different 
(i.e.,  the  estimated  slopes  of  the  two  time  strata  did  not  differ  significantly). 

Under  the  minimal  assumption,  a  marginally  significant  positive  association  between 
percent  body  fat  and  current  dioxin  was  found  for  time  of  18.6  yeair  or  less  (p=0.086)  and  a 
significant  positive  association  (Table  6-6  [c]:  p=C.014)  was  found  between  percent  body  fat 
and  current  dir:dn  for  time  greater  than  13.6  years.  However,  the  interaction  of  current  dioxin 
and  time  was  not  sig.nificant  (p=0.817).  Within  the  time  of  18.6  years  or  less  stratum,  the 
percent  body  fat  means  for  low,  medium,  and  high  current  dioxin  were  22.21, 22.12,  and  23.64 
percent.  For  the  time  greater  tha.n  IS. 6  years  stratum,  tlic  means  also  increased  with  current 
dioxin  Oow,  22.1 1  percent;  medium,  22.43  percent;  and  high,  24.12  percent). 


Under  the  maximal  assumption,  each  time  stratum  displayed  a  significant  positive 
association  between  percent  body  fat  and  current  dioxin  (Table  6-6  [f]:  518.6  years: 
jkO.OOI;  >18.6  years:  p<0.CX31).  For  time  of  18.6  years  or  less,  the  p-ercent  body  fat  means 
increased  with  curren:  dioxin  fiew,  20.19  percent;  medium,  22.03  percent;  and  high,  23.1 1 
percent).  For  time  greater  than  13.6  years,  the  percent  body  fat  means  also  increased  with 
current  diodn  (low,  21.39  percenq  medium,  22.09  percent;  and  high,  23.90  pcicent).  Similar  ro 
the  minima.!  analysis,  the  inreractien  of  current  dioxin  and  time  was  not  significant  (p=0.438). 
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TABLE  6-6. 


I 


Analysis  of  Percent  Body  Fat 
(Continuous) 


Ranch  Hands 

•  Log2  (Initial  Dioxin) 

•  Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean 

(Std.  IEstot)  p-Value 

a)  Minimal 

Low 

130 

2134 

0.627  (0.195)  0.001 

(n=521) 

Medium 

260 

22.15 

(R2*0.019) 

High 

131 

24.01 

b)  Maximal 

Low 

185 

20.72 

0.792  (0.136)  <0.001 

(n=742) 

Medium 

371 

22.13 

(R2=<3.044) 

High 

186 

23.40 

Ranch  Hands  ■  Log2  (Initial  Dioxin)  •  Adjusted 

Inidal 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean 

(Std.  Error) 

p-Value  Remarks 

c)  Minimal 

Low  130 

22.38 

0.648  (0.202) 

0.001  AGE*  RACE 

(n=521) 

Medium  260 

22.07 

(p=0.024) 

(R2=0.037) 

High  131 

24.05 

d)  Maximal 

Low  185 

20.70  1 

0.859  (0.138) 

<0.001  AGE  (p=0.016) 

(n=742) 

Medium  371 

22.07 

o 

d 

M 

0^ 

High  186 

23.55 

Note:  Minimal-Low:  12-93  ppt;  Medium:  >93-292  ppe;  High:  >292  ppt 

MaiLnul-Low;  23-36.9  pjx.  Medium:  >36.9-218  pp«:  High:  >218  ppC 
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TABLE  6-6.  (Continued) 


Analysis  of  Percent  Body  Fat 
(Continuous) 


Assumption 

Ranch  Hands  • 

'ncvs 

(Yfs.) 

Log2  (Current  Dioxin)  and  Time  • 

Mean/(n) 

Cumnt  Dioxia _ 

Low  Medium  High 

Unadjusted 

Slope 

(Std.  Error) 

p- Value 

e) 

Minimal 

0.817a 

(n«521) 

£18.6 

22.21 

22.12 

23.64 

0.549  (0.319) 

0.086*’ 

(r2=o.013) 

(72) 

(128) 

(54) 

>18.6 

22.11 

22.43 

24.12 

0.644  (0.261) 

0.014b 

(58) 

(132) 

(77) 

f) 

Maximal 

0.438* 

(n=742) 

£18.6 

20.19 

22.03 

23.11 

0.893  (0.211) 

<0.00  lb 

(R2,0.045) 

(106) 

(191) 

(83) 

>18.6 

21.39 

22.09 

23.90 

0.674  (0.187) 

<0.00  ib 

(79) 

(179) 

(104) 

Ranch  Hands 

•  Log2  (Current  Dioxin)  and  Time 

•  Adjusted 

Adj.  Meany(n) 

Cun^nt  Dio.xin 

Time 

Adj.  Slope 

Cova/iatc 

Assumption 

(Yrs.) 

Low 

Medium 

High  (Sid.  Error) 

p- Value 

Rcm.irics 

8) 

Minimal 

0.775a  ACE-RACE  (p=0.024) 

(n«521) 

£18,6 

22.19 

22.17 

23.73  0.396  (0.330) 

0.0710 

(R  2=0.037) 

(72) 

(128) 

(54) 

>18.6 

22.03 

22.23 

24.11  0.713  (0.268) 

0.008*’ 

(38) 

(132) 

(77) 

h) 

Maximal 

0.431*  AGE(p*0.011) 

(n=742) 

£’8.6 

20.19 

22.05 

23.39  0.999  (0.214) 

<0.C0lo 

(R2=0.053) 

(106) 

(191) 

(83) 

>18.6 

21.20 

21.95 

24,02  0.777  (0.190) 

eO.OOl*’ 

(79) 

(179) 

(104) 

•Test  of  Ji|piific»nce  homogeneity  of  jloprf  (ctarent  d'oiin  coniiiiunvj,  tune  cwegorizecld 
^ejt  of  significance  for  slope  'om!  to  0  fc'jrrent  dioxin  '.-ortinuouj,  lime  categoriMj). 

Note;  >10-14. iS3  ppt;  M«litim:  >14., '>3  45  ^3  pjx;  High:  >43.73  ppC 

ilAXiSUi-l-xsw;  >5-9,01  ppt;  .Meduun:  >9.0! -33 J  pp<;  High;  >33.3  ppt 
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TABLE  6>6.  (Continued) 


Analysis  of  Percent  Body  Fat 
(Continuous) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 


Current 


Dioxin 

Difference  of 

Category 

n 

Mean 

Contrast 

Means  (95%  C.I.) 

p- Value 

Background 

786 

21.91 

All  Categories 

<0.001 

Unknown 

345 

20.03 

Unknown  vs.  Background  *1.88  (*2.51. >1.24) 

<0.001 

Low 

196 

22.15 

Low  vs.  Background 

0.24  (-0.54.1.02) 

0.549 

High 

187 

23.55 

High  vs.  Background 

1.64  (0.84,2.44) 

<0.001 

Total 

U14 

(r2=o.042) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  • 

Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

n 

Mean 

Contrast 

Means  (95%  C.I.)  p- Value 

Remarks 

Background 

786 

21.90 

All  Categories 

<0.001 

AGE  (pM).145) 

Unknown 

345 

20.01 

Unknown  vs.  Background  -1.89  (-2.53,*1.26)<0.001 

Low 

196 

22.15 

Low  vs.  Background 

0.24  (-0.54.1.03)  0.541 

High 

187 

23.63 

High  vs.  Background 

1.73  (0.92,2.54)  <0.001 

Toul 

U14 

(r2=0.044) 

Note:  Background  (Compirisons):  Current  Dioain  :^10  ppt 
Unknown  (Ranch  Hands):  Cunent  Oioxin  slO  ppt 
Low  (Ranch  Hindi):  13  ppt  <  Current  Dioain  a33J  ppt 
High  (Ranch  Hands):  Current  Dioxin  >33  J  ppt 


In  the  adjusted  analysis  of  percent  body  fat  using  current  dioxin  and  time,  neither  the 
minimal  nor  maximal  cohort  exhibited  a  significant  current  dioxin-by-rime  interaction  (Table 
6-6  [g]  and  [h]:  p=0.775  a:id  p=0.431,  respectively);  therefore,  the  positive  associations 
between  percent  body  fat  and  current  dioxin  of  each  time  stratum  were  not  significantly 
different  from  one  another.  Under  the  minimal  assumption,  percent  body  fat  for  Ranch  Hands 
with  18.6  years  or  less  since  tour  exliibited  a  taargin^ly  significant  positive  association 
(p=0.071).  For  those  Ranch  Hands  with  time  greater  than  18.6  years,  percent  body  fat 
dsplayed  a  significant  positive  association  (pM3.008).  Under  the  maximal  assumption  of  the 
adjusted  analysis,  each  time  stratum  displayed  a  significant  positive  association  (p<0.001  for 
both  time  strata). 

Model  3:  Ranch  H finds  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  percent  txxly  fat,  the  contrast  of  the  four  current  dioxin 
categories  was  significant  (Table  6-6  [i]:  p<0.001).  The  unadjusted  percent  body  fat  means 
for  the  background,  uiilmown,  low,  and  high  current  dioxin  categories  were  21.91,  20.03,  22.15, 
and  23.55  percent.  The  contrasts  of  unknown  versus  background  current  dioxin  category  and 
high  versus  background  current  dioxin  category  were  also  significant  (for  both  contrasts. 
p<0.001).  Relative  to  tl'c  background  mean  for  Comparisons,  Ranch  Hands  in  the  un.known 
current  dioxin  category  had  a  lower  mean  percent  body  fat  and  Ranch  Hands  in  the  high 
current  dioxin  category  had  a  higher  mean  percent  body  fat.  An  adjusted  model  containing  the 
covariate  age  produced  similar  results. 

Percent  Body  Fat  (Discrete) 

A  small  number  of  participants,  two  Ranch  Hands  and  three  Comparisons,  were 
classified  as  lean  (<10  percent  body  fat).  The  current  scrum  dioxin  levels  for  the  Ranch 
Hands  were  1.33  ppt  and  18.10  ppt,  and  the  current  dioxin  levels  for  the  Comparisons  ranged 
from  0.00  ppt  to  2.45  ppt  Due  to  the  sparse  number  of  lean  participants,  statistical  analyses 
were  performed  with  the  lean  and  normal  participants  combined. 


Model  t:  Ranch  Hands  -  Logj  (Initial  Dioxin) 

Unadjusted  and  adjusted  analyses  of  percent  body  fat  as  a  discrete  variable  (obese 
versus  lean/normal)  indicated  that  there  was  a  significant  positive  association  with  initial 
dioxin. 


Under  the  minimal  assumption,  the  estimated  relative  risk  in  the  unadjusted  analysis 
was  1.23  (Table  6-7  [a]:  p=0.0I2)  and  the  corresponding  relative  frequencies  of  obese  Ranch 
Hands  within  the  low,  medium,  and  high  initial  dioxin  categories  were  20.8,  23.8,  and  32.8 
percent.  Under  the  maximal  assumption,  the  estimated  relative  risk  was  1.32  (Table  6-7  [b]: 
p<0.001)  with  increasing  pcrcentagc.s  of  obese  Ranch  H.mds  for  the  low,  medium,  and  high 
initial  dioxin  categories  (12.4‘7o,  23.2^,  and  29.0%). 

Incorporating  covariate  information  into  the  models,  the  adjusted  relative  risk  was  1.25 
(Table  6-7  [c]:  p=0.010)  and  1.37  (Table  6-7  [d]:  p<0.001)  under  the  minimal  and  maximal 
assumptions. 
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TABLE  6-7. 


Analysis  of  Percent  Body  Fat 
(Discrete) 


Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Obese 

EsL  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

20.8 

1.23  (1.05,1.44) 

0.012 

(n=52i) 

Medium 

260 

23.8 

High 

131 

32.8 

b)  Maximal 

Low 

185 

12.4 

1.32  (1.17,1.49) 

<0.001 

(n=742) 

Medium 

371 

23.2 

High 

186 

29.0 

Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 


Assumption _ Risk  (95%  _ p- Value _ Remarks 


c)  Minimal 

125  (1.05,1.47) 

0.010 

AGE*RACE  (?=0.022) 

(n=521) 

d)  Maximal 

1.37  (1.20,1.55) 

<0.001 

AGE  (p=0.026) 

(n=742) 

*ReIauve  mk  for  t  rwofolU  mcreiiM  in  dioxin. 

Note:  Minimal-- Low;  52-93  pyt;  Medium:  >93-292  ppC  High;  >292  ppt. 

Maximal-Low:  23-56,9  ppc  Medium;  >36.9-218  ppt;  High;  >218  ppt. 
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TABLE  6-7.  (Condnued) 


Analysis  of  Percent  Body  Fat 
(Discrete) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Obese/(a) 
Current  Dioxin 


Hme 

Est  Relative 

Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0,776b 

(n=521) 

<18.6 

23.6 

22.7 

29.6 

1.18  (0.91,1.54) 

0.217c 

(72) 

(128) 

(54) 

>18.6 

17.2 

25.8 

33.8 

1.24  (1.01,1.53) 

0.045c 

(58) 

(132) 

(77) 

f)  Maximal 

0.320b 

(n=742) 

<1S.6 

8.5 

23.0 

26J 

1.40  (1.15,1.70) 

O.OOIC 

(106) 

(191) 

(83) 

>18.6 

19.0 

21.3 

32.7 

1.23  (1.04,1.45) 

0.013c 

(79) 

(179) 

(104) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  (95^0  C.I.)a 

p-Valuc  Remarks 

g)  Minimal 

0.755b  AGE*RACE  (p=0.022) 

(n=521) 

<18.6 

1.21  (0.92,1.59) 

0.176« 

>18.6 

1.28  (1.02,1.59) 

0.029c 

h)  Maximal 

0.299b  AGE  (p=0.022) 

(n=742j 

<18.6 

1.48  ( 

1.20,1.81) 

<0.00ic 

>18.6 

1.29  (1.09,1.52) 

0.003c 

*ReIjtive  risk  for  i  twofold  incrtue  in  dioxin. 

of  jignificance  for  homogeneity  of  reiative  risks  (oirrent  dioxin  continuous,  time  categorized). 
'Test  of  significance  for  reiative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Min''mgl-Low:  >10-14.65  ppi:  Medium:  >14,65-45.75  ppt;  High:  >45.75  ppc 
Maxunal-Low:  >5-9.01  ppt:  .Medium:  >9.01 -33 J  ppq  High:  >33.3  ppt, 
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TABLE  6*7.  (Continued) 


Analysis  of  Percent  Body  Fat 
(Discrete) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Current 

Dioxin 

Percent 

EsL  Relative 

n 

Obese 

Contrast  Risk  (95%  CJ.) 

p-Value 

Background 

786 

23,7 

All  Categories 

<0.001 

Unknown 

345 

11.9 

Unknown  vs.  Background  0.44  (0.30,0.63) 

<0.001 

Low 

196 

23.5 

Low  vs.  Background  0.99  (0.68,1.43) 

0.934 

High 

187 

30.0 

High  vs.  Background  1.38  (0.97,1.96) 

0.075 

Total 

U14 

j) 

Ranch 

Hands  and 

Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

n 

Contrast  Risk  (95%  C.I.)  o-Value 

Remarks 

Background 

736 

All  Categories  •  <0.001 

-- 

Unknown 

345 

Unknown  vs.  Background  0.44  (0.30,0.63)  <0.001 

Low 

196 

Low  vs.  Background  0.99  (0.68,1.43)  0.95d 

High 

187 

High  vs.  Background  1.38  (0.97,1.96)  0.075 

Total 

U14 

Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppt. 
Unknown  (Ranch  Hands):  Current  Dioxin  slO  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  i33J  ppt. 
High  (Ranch  Hands);  Current  Dioxin  >33J  ppt. 
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Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  percent  body  fat,  under  both  the  minimal  and  maximal 
assumpdons,  the  interacdons  between  current  dioxin  and  time  since  tour  were  not  significant 
(Table  6-7  [e]  and  [f]:  p=0.776  and  p=0.320,  respectively);  thus,  the  estimated  relative  risks 
of  the  two  time  strata  did  not  differ  significantly.  Under  the  minimal  assumption,  a  significant 
association  between  obesity  and  current  dioxin  was  found  for  Ranch  Hands  with  more  than 
18.6  years  since  tour  (p=0.045,  Est.  RR=1.24).  For  these  Ranch  Hands,  the  relative 
frequencies  of  obese  participants  for  low,  medium,  and  high  current  dioxin  were  17.2,  25.8,  and 
33.8  percent. 

Under  the  maximal  assumption,  an  unadjusted  analysis  revealed  significant  positive 
associations  between. obesity  and  cunent  dioxin  for  both  time  strata  (Table  6-7  [f]:  p=0.001, 
Est.  RR=1.40  for  time^l8.6  years  and  p=0.013,  Est  RR=1.23  for  time>18.6  years).  For 
Ranch  Hands  witii  18.6  years  or  less  since  tour,  the  relative  frequencies  of  obese  participants 
increased  with  current  dioxin  (low,  %.5%\  medium,  23.0%;  and  high,  26.5%).  For  tlie  other 
time  stratum,  the  corresponding  relative  frequencies  were  19.0,  21.8,  and  32.7  percent. 


In  the  adjusted  analysis  b.ased  on  the  minimal  assumption,  the  interaction  of  current 
dio.xin  and  rime  was  not  significant  (Table  6-7  [gj:  p=0.755);  therefore,  me  adjusted  relative 
risks  of  the  two  time  strata  did  not  differ  significandy.  For  rime  greater  than  18.6  years  since 
tour,  the  adjusted  relative  risk  of  1.28  was  significant  (p=0.029). 

In  the  adjusted  analysis  under  the  maximal  assumption,  the  interaction  between  current 
dioxin  and  time  was  not  significant  (Table  6-7  [h]:  p=0.299);  thus,  the  adjusted  relative  risks 
of  the  two  time  strata  were  not  significandy  different.  Within  each  time  strata,  there  was  a 
significant  association  between  percent  body  fat  and  current  dioxin  (p<0.001,  Adj.  RR=1.48 
for  time518.6  years  and  p=0.003,  Adj.  RR=1.29  for  time>18.6  years). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis  of  percent  body  fat,  the  contrast  of  the  four  current  dioxin 
categories  was  significant  (Table  6-7  [i]:  p<0.C01).  The  relative  frequencies  of  obese 
participants  for  the  background,  unknown,  low,  and  high  current  dioxin  categories  were  23.7, 

1 1.9,  23.5,  and  30.0  percent.  The  urLknown  versus  background  current  dioxin  category 
contrast  produced  a  significant  relative  risk  less  than  1  (p<0.001,  Est.  RR=0.44,  95%  C.I.: 
[0.30,0.63])  .■’nd  the  high  versus  background  category  contrast  resulted  in  an  estimated 
relative  risk  greater  than  one  that  was  marginally  significant  (p=0.075,  Est.  RR=1.38,  95% 
C.I.:  [0.97,1.96]).  For  the  adjusted  model,  no  covariates  were  retained  in  the  model  from  the 
stepping  procedure;  therefore,  the  adjusted  and  unadjusted  results  we.'e  the  same. 

Laboratory  Examination  Variable 
Sedimentation  Rate  (Continuous) 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  sedimentation  rate  in  its  continuous  form,  i.hcrc  was  a 
positive  association  with  initial  dioxin  that  was  marginally  significant  under  the  minimal 
assumption  and  significant  under  the  maximal  assumption  (Table  6-8  [a]  and  [b]:  p=0.092 
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TABLE  6-8. 


Analysis  of  Sedimentation  Rate  (mm/hr) 
(Continuous) 


Ranch  Hands 

•  Log2  (Initial  Dioxin)  • 

>  Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n  Mean^ 

(Std.  Error'*’  p- Value 

a)  Minimal 

Low 

130  4.98 

0.053  (0.031)  0.092 

(n=521) 

Medium 

260  5.94 

(R2=0.006) 

High 

131  6.01 

b)  Maximal 

Low 

185  4.50 

0.078  (0.023)  <0.001 

(n=742) 

Medium 

371  5.64 

(R2=0.016) 

High 

186  5.78 

Ranch  Hands  •  Log2  (Initial  Dioxin) 

•  Adjusted 

Initial 

Adj.  Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean^  (Std.  Error)*’  i 

p- Value  Remarks 

c)  Minimal 

Low  130 

4.68  0.099  (0.031) 

0.002  AGE  (p<0.001) 

(n=521) 

Medium  260 

5.89 

(R2=0.074) 

High  131 

6.50 

d)  Maximal 

Low  185 

4.45  0.108  (0.022) 

<0.001  AGE  (p<0.001) 

(n=742) 

Medium  371 

5.46 

(R2=0.072) 

High  186 

6.24 

•Transformed  from  natural  logarithm  scale. 

^Slope  and  standard  error  based  on  natural  logarithm  sedimentation  rate  versus  log2  dioxin. 
Note;  Minimal-Low:  52-93  ppt;  Medium;  >93-292  ppt;  High;  >292  ppc 

Maximal-Low;  23-56.9  ppt;  .Medium;  >36.9-218  ppt;  High:  >218  ppt. 
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TABLE  6^  (Continued) 


Analysis  of  Sedimentation  Rate  (mm/hr) 
(Continuous) 


Assumption 

Ranch  Hands  • 

Time 

fYrs.) 

Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Mean*/(n) 

Current  Dioxin 

Slope 

Low  Medium  High  (Sid.  Error)** 

p-Value 

c) 

Minimal 

0,500^ 

fn=521) 

£18.6 

5.63 

4.96 

5.05 

-0.007(0.051) 

0.892<* 

^2-0.014) 

(72) 

(128) 

(54) 

>18.6 

5.86 

6.36 

6.43 

0.037(0.042) 

0.368'* 

(58) 

(132) 

(77) 

f) 

Maximal 

0.311'^ 

(n=742) 

<18.6 

4.51 

5.21 

3.05 

0.032(0.035) 

0J67'* 

CR2=o.018) 

(106) 

(191) 

(83) 

>18.6 

4.46 

6.27 

6.24 

0.079(0.031) 

0.01 1** 

(79) 

(179) 

(104) 

Ranch  Hands 

•  Log2  (Ciurrent  Dioxin)  and  Time  •  Adjusted 

Adj.  Mcan^/(n) 

_ Cukgfil.  BiOAiii _ 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)* 

*  p-Value 

Remarks 

g) 

Minimal 

0.634C  age  (p<0.001) 

(n=:521) 

£18.6 

5.39 

5.13 

5.83 

0.062  (0.C51) 

0.221<* 

(r2=0.110) 

(72) 

(128) 

(54) 

>18.6 

3.20 

6.14 

6.66 

0.093  (0.042) 

0.026'! 

(58) 

(132) 

(77) 

h) 

Maximal 

0.309C  AGE  (jkO.OOI) 

(n=742) 

£18.6 

4.52 

521 

5.70 

0.G75  (0.035) 

0.03  It* 

(R2*0.083) 

(106) 

(191) 

(83) 

>18.6 

4.10 

5.90 

6.58 

0.122  (0.031) 

<0.001'* 

(79) 

(179) 

(104) 

*TraBuformed  from  n»niraJ  loguithm  scile. 

^Slope  and  standard  error  based  on  natural  logarithm  sedimentation  rate  verms  !og2  dioxin. 
®Test  of  significance  for  homoge.ieity  of  slopes  (current  dioxin  continuous,  time  categorized). 
“^Test  of  significance  for  slope  equal  to  0  (current  dioxin  continuous,  dme  categorized). 

Note;  Minimal-Low:  >10-14.65  ppq  Medium:  >14.65-45.75  ppq  Hig-h:  >45.75  ppt. 
Maximal-Low:  >5-9.01  ppt;  Medium:  >9.01 -33 J  ppt;  Hig.b;  >33 J  ppt. 
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TABLE  6-8.  (Continued) 


Analysis  of  Sedimentation  Rate  (mm/hr) 
(Continuous) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 


Current 

Dioxin 

CatcRory 

n 

Mean* 

Contrast 

Difference  of 

Means  {95%  Cl.)* 

p-Valuef 

Background 

786 

5.09 

All  Categories 

0.002 

Unknown 

345 

4J2 

Unknown  vs.  Background 

-0J7~ 

0.025 

Low 

196 

5.77 

Low  vs.  Background 

0.68- 

0.053 

High 

187 

5.68 

High  vs.  Background 

0.59  •• 

0.099 

Total 

1.514 

(r2=0.010) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 


Dioxin 

Category 

n 

Adj. 

Mean*. 

Contrast 

Difference  of  Adj. 
Means  (95%  CJ.)« 

p-Valuef 

Covariate 

Remarks 

Background 

751 

5.19** 

All  Categories 

<0.001« 

DXCAT*A<3E 

(p*0.035) 

Unknown 

328 

4.50»* 

Unknown  vs.  Background  -0.69  -•• 

0.007** 

AGE*PERS 

Low 

192 

5.88*» 

Low  vs.  Background 

0.69  -•• 

0.054** 

(p<0.(X)l) 

High 

181 

6.31** 

High  vs.  Background 

1.12 

0.004** 

Total 

1,452 

(R2=o.074) 

*Trsnsfonned  &om  natural  logarithm  scale. 

^Difference  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  given 
because  analysis  was  performed  on  natural  logarithm  scale. 

^P-value  is  based  on  difference  of  means  on  nasiral  logarithm  scale. 

••Categorized  current  dioxin-by-coviriate  interaction  (O.OlcpsO.OS);  adjusted  mean  and  p-value  derived  from  a  model 
fitted  after  deletion  of  this  interaction. 

Note;  Background  (Comparisons);  Current  Dioxin  ilO  ppt 
Unknown  (Ranch  Hands);  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hands);  i5  ppt  <  Current  Dioxin  s33  J  ppt. 

High  (Ranch  Handa):  Current  Dioxin  >33  J  ppt 


and  pcO.OOl,  respectively).  Under  the  minimal  assumption,  the  average  sedimentation  rates 
for  the  low,  medium,  and  high  initial  dioxin  levels  wot  4.98, 5.94,  and  6.01  mno/hr.  Similarly, 
the  average  sedimentation  rates  for  the  low,  medium,  arid  high  levels  under  the  maximal 
assumption  were  4.50,  5.64,  and  5.78  mm/hr. 

Under  both  the  minimal  and  the  maximal  assumptions,  the  adjusted  analyses  exhibited 
significant  positive  associations  beween  sedimentation  rate  and  initial  choxin  (Table  6-8  [c] 
and  [d]:  p=0.002  and  p<0.001,  respectively).  Under  the  minimal  assumption,  the  adjusted 
mean  sedimentation  rates  for  low,  medium,  and  high  initial  dioxin  were  4.68,  5.89,  and  6.50 
mm/hr.  Under  the  maximal  assumption,  the  cerresponding  adjusted  means  were  4.45,  5.46, 
and  6.24  mm/hr. 

Model  2:  Ranch  Hands  -  Logj  (Current  Dioxin)  and  Time 

U.idcr  the  minimal  assumption,  the  unadjusted  analysis  of  sedimentation  rate  contained 
a  nonsignificant  interaction  between  current  dioxin  and  time  since  tour  (Table  6-8  [e]; 
p=0.500);  thus,  the  relationships  of  the  two  time  strata  were  not  significantly  different.  Under 
the  maximal  assumption,  the  unadjusted  analysis  also  contained  a  nonsignificant  interaction 
between  current  dioxin  and  time  (Table  6-8  [fj:  p=0.311).  However,  Ranch  Hands  whose 
time  since  tour  exceeded  18.6  years  exhibited  a  significant  positive  association  with  curreni 
dioxin  (p=0.011).  For  this  time  stratum,  the  sedimentation  rate  means  for  low,  medium,  and 
high  current  dioxin  were  4.46,  6.27,  and  6.24  mm/hr. 

In  the  adjusted  analysis  under  the  minimal  assumption,  which  adjusted  for  age,  the 
current  dioxin-by-time  interaction  was  not  significant  fTable  6-8  [g]:  p=0.634);  thus,  the 
adjusted  slopes  dd  not  differ  significantly  between  time  strata.  However,  for  time  greater 
than  18.6  years,  a  positive  association  between  sedimentation  rate  and  current  dioxin  was 
significant  (p=0.026)  with  adjusted  means  of  5.20,  6.14,  and  6.66  mm/hr  for  low,  medium,  and 
high  current  dioxin. 

Under  the  maximal  assumption,  the  adjusted  analysis  which  adjusted  for  age  contained 
a  nonsignificant  current  dioxin-by-time  interaction  (Table  6-8  [h]:  p=0.3{)9);  thus,  the 
estimated  slopes  were  not  significantly  different  between  the  two  time  strata.  Within  each 
time  stranim,  the  association  between  sedimentation  rate  and  current  dioxin  was  significant 
(^18.6  years,  p=0.031,  >18.6  years,  p<0.COl).  For  the  18.6  years  or  less  time  stratum,  the 
adjusted  sedimentation  rate  means  were  4.52,  5.27,  and  5.70  mra/hr  for  low,  medium,  and  high 
current  dioxin.  For  the  more  than  18.6  years  time  stratum,  the  adjusted  sedimentation  rate 
means  were  4.10,  5.90,  and  6.58  mm/hr. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  analysis  of  sedimentation  rate  for  the  four  current  dioxin  categories  was 
significant  (Table  6-8  [i]:  p=0.002).  The  unadjusted  sedimentation  rate  means  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  5.09,  4.52,  5.77,  and 
5.68  mm/hr.  The  contrast  for  Ranch  Hands  in  the  anJmown  category  versus  Comparisons  in 
the  background  category  was  significant  (p=0.025)  with  the  mean  sedimentation  rate  for  the 
Compari.'  cns  being  higher.  The  low  and  high  category  contrasts  versus  background  category 
were  both  marginally  significant  (p=0.053  and  p=0.099,  respectively)  with  the  Ranch  Hands 
having  the  higher  sedimentation  rate  means. 
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The  adjusted  analysis  of  sedimentation  rate  contained  a  significant  interaction  between 
categorized  current  dioxin  and  age  (Table  6-8  [j]:  p=0.035).  To  explore  the  interaction, 
adjusted  analyses  were  performed  for  Ranch  Hands  and  Comparisons  bom  in  or  after  1942 
and  those  bom  prior  to  1942.  For  the  younger  participants,  the  simultaneous  contrasc  of  the 
four  current  dioxin  categories  was  significant  (Appendix  Table  E-1:  p=0.009).  The  adjusted 
means  for  the  background,  unknown,  low,  and  high  categories  were  4.36,  3.72,  5.52,  and  4.72 
mm/hr.  The  unknown  versus  background  category  contrast  was  marginally  significant 
(p=0.080)  with  the  mean  rate  for  the  Comparisons  being  higher.  The  contrast  for  low  versus 
background  category  was  significant  (p=0.021)  witli  the  Ranch  Hands  having  the  higher  mean 
sedimentation  rate.  The  contrast  for  the  high  category  was  not  significant  (p=0.368).  For  the 
older  study  participants,  the  overall  contrast  for  the  four  current  dioxin  categories  was  also 
significant  (p<0.(X)l).  The  adjusted  means  for  background,  unknown,  low,  and  high 
categories  were  5.77,  5.01,  6.05,  and  7.94  mm/hr.  The  unknown  versus  background  category 
contrast  was  significant  (p=0.037)  with  the  mean  sedimentation  rate  for  Comparisons  being 
higher.  For  the  older  participants,  the  contrast  of  high  versus  background  was  significrnt 
(p=0.003)  wdth  the  adjusted  mean  sedimentation  rate  being  higher  for  Ranch  Hands  than 
Comparisons.  The  contrast  for  the  low  category  was  not  significant  (p=0.576). 

An  adjusted  analysis  without  the  interaction  of  categorized  current  dioxin  and  age  was 
also  performed.  For  this  secondary  model,  the  overall  contrast  of  the  four  current  dioxin 
categories  was  significant  (Table  6-8  [j]:  p<0.00l).  The  adjusted  mean  sedimentation  rates 
were  5.19,  4.50,  5.88,  and  6.3'  ’nm/hr.  The  contrast  of  unknown  versus  background  category 
was  significant  (p==0.007)  witl.  the  background  category  (Comparisons)  having  the  higher 
adjusted  mean,  “nie  contrast  for  low  versus  background  category  was  marginally  significant 
(p=0.054)  and  the  contrast  for  high  versus  background  category  was  significant  (p=0.(X)4). 
For  both  of  these  contrasts,  the  adjusted  mean  sedimentation  rate  was  higher  for  Ranch 
Hands  than  Comparisons. 

Sedimentation  Rate  (Discrete) 

Model  I:  Ranch  Hands  -  Dioxin) 

The  unadjusted  analysis  of  sedimentation  rate  in  discrete  form  (abnorma’  versus 
normal)  exhibited  a  nonsignificant  association  with  initial  dioxin  under  the  minimal 
assumption  (Table  6-9  [a];  p=0.509).  Under  the  maximal  assumption,  the  unadjusted 
analysis  displayed  a  marginally  significant  positive  association  between  sedimentation  rate 
and  initial  dioxin  (Table  6-9  [b]:  p=0.064,  l^t  RR=1.20).  The  relative  frequency  of  Ranch 
Hands  with  abnormal  sedimentation  rates  had  a  positive  association  with  initial  dioxin  (low, 
4.9%;  medium,  7.3%;  high,  8.1%). 

In  the  adjusted  analysis,  the  association  between  sedimentation  rate  and  initial  dioxin 
was  not  significant  under  the  minimal  assumption  (Table  6-9  [c]:  p=0.134),  but  significant 
under  the  maximal  assumption  (Table  6-9  [dj:  p=0.008;  Esl  RR=1.33).  Age  was  the  only 
covariate  retained  in  these  analyses. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

For  the  unadjusted  analysis  of  percent  abnormal  sedimentation  rate,  the  interaction  of 
current  dioxin  and  time  since  tour  was  not  significant  for  the  minimal  assumption  (Table  6-9 
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TABLE  6-9. 


/ 


\ 


Analysis  of  Sedimentation  Rate 
(Discrete) 


Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Unadj<isted 


Assumption 

Inidal 

Dioxin 

n 

Percent 

Abnormal 

Lsl  Relative 
Risk  (95%  CLP 

p-Value 

a)  Minimal 

Low 

130 

6.2 

1.09  (0.85,1.40) 

0.509 

(n=521) 

Medium 

260 

9.2 

High 

131 

8.4 

b)  Maximal 

Low 

185 

4.9 

1.20  (0.99,1.46) 

0.064 

(n=742) 

Medium 

371 

7.3 

High 

186 

8.1 

Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Adjusted 

Adj,  Relative 

Covafiate 

Assumption 

Risk  (95*70  CLP 

o-Value  Remarks 

c)  Minimal 
(n»521) 

122  (0.95.1.58) 

0.134 

AGE  (p<0.001) 

d)  Maximal 
(n=742) 

1.33  (1.08,1.63) 

0.008 

AGE  (p<0.001) 

*ReI<tive  risk  for  *  twofold  irtcreuo  in  dioxin. 

Note:  Minimal-Low:  52-93  ppc  Medi-im:  >93-292  ppq  High:  >292  ppt. 

Maximal-Low:  25-55.9  ppt;  Medium:  >56.9-218  ppt;  High:  >218  ppt. 
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TABLE  6-9.  (Continued) 


Analysis  of  Sedlnientation  Rate 
(Discrete) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 


Percent  AbnormaV(n) 
Current  Dioxin 


Tune 

Est.  Relative 

Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.iy 

p-Value 

e)  Minimal 

0.262b 

(n=521) 

<18.6 

9.7 

6.3 

1.9 

0.78  (0.46,1.33) 

0.360C 

(72) 

(128) 

(54) 

>18,6 

8.6 

10.6 

10.4 

1.10  (0.81,1.49) 

0.548C 

(58) 

(132) 

(77) 

0  Maximal 

0.22Sb 

(a»742) 

<18.6 

3.3 

6.3 

6.0 

0.96  (0.67,1.39) 

0.845C 

(106) 

(191) 

(83) 

>18.6 

3.8 

8.4 

11.5 

1.26  (0.99,1.60) 

0.065= 

(79) 

(179) 

(104) 

Ranch  Hands  -  L&g2  (Current  Dtuxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Ris.k  (95%  C.I.)^ 

p- Value  Remarks 

g)  Minimal 

0.337b  age  {p=--0.001) 

{n=521) 

£18.6 

0.93  (0.54,1  61) 

0.898C 

>18.6 

1.25  (0.92,1.71) 

0.154c 

h)  Maximal 

0.263b  age  (p<0.001) 

(n=742) 

.'SlS.6 

1,10  (0.75,1.62) 

0.6 19c 

>18.6 

1.42  (1.10,1.83) 

O.OOTC 

’Relsiive  riik  for  i  iwofcilj  incretie  m  diojin, 

*^eii  of  s!gnific*rie«  for  hoTnoijnKity  of  rtinirc  mk*  (ciororn  diorin  coniinuoui.  (ime 
'■Test  of  si^ificince  for  risk  eiqiui  to  1  (current  diorin  continuous,  time  rstesoriied). 

Noui:  iiiflijjial-Lowt  ptjt;  Medi'jm;  >14  65-45,7.'j  |T:t;  High;  >43,7?  ppt 

MlSiajli'-Low:  >5-9.01  ppf,  Medium:  >9.01-33.3  pot,  liigh;  >33.3  ppt. 
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TABLE  6-9.  {Continued) 


Analysis  of  Sedimentation  Rate 
(Discrete) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Percent 

EsL  Relative 

n 

Abnormal  Contrast 

Risk  (95%  CL) 

p-Value 

Background 

786 

3.3  All  Categories 

0.003 

Unknown 

3.5  Unknown  vi  Background 

1.03  (0.53Zn) 

0.8S4 

Low 

196 

7.1  Low  vs.  Background 

2.25  (1.13.4.39) 

0,018 

High 

187 

9.1  High  vs.  Background 

2.92  (1.354.51) 

0.001 

Total 

1,514 

j) 

Ranch  Hands  and  Comparisotts  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95'^  C.I.)  p. Value 

Remarks 

Background 

786 

All  Categories 

<0.001  •  AGE  (ikO.OOI) 

Unknown 

343 

Unknown  vs.  Background 

1.03  (0.51 

4.07)  0.937 

Low 

196 

Low  vs.  Background 

2.32  (1.18,4.56)  0.015 

High 

187 

High  vs.  Background 

3.86  (2.00.7.45)  <0.(X)t 

Total 

1414 

Note:  Bsckpound  (Comparijonj):  Current  Dioxin  ilO  ppc 
Unlavxv'Ti  (Ranch  Hxnda):  Current  Dioxin  slO  ppt. 
Low  (Ranch  Handa);  13  ppt  <  Cunent  Dioxin  eJJJ 
High  (Ranch  Hands);  Current  Dioxin  >33J  ppt. 
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[c]:  p=0.262)  as  well  as  the  maximal  assumption  (Table  6-9  [f]:  p=0.228).  Therefore,  for 
each  assumption,  the  estimated  relative  risks  of  tlie  two  time  strata  were  not  significantly 
different  ftom  one  another.  Under  the  maximal  assumption,  the  association  between  percent 
abnormal  sedimentation  rate  and  current  dioxin  was  marginally  significant  (p=0.065,  Esc 
RR=1.26)  within  the  time  greater  than  18.6  years  stratum.  The  relative  frequencies  for 
abnormal  sedimentation  rate  within  that  time  stratum  were  3.8,  8.4,  and  11.5  iJcrcent  for  low, 
medium,  and  high  current  dioxin.  The  other  results  were  not  statistically  significanL 

After  adjusting  for  age  m  the  analysis  of  percent  abnormal  sedimentation  rate,  the 
interaction  of  current  dioxin  and  time  was  not  significant  under  the  ninimal  assumption  (Table 
6-9  [g]:  p=0.337)  or  the  maximal  assumption  (Table  6-9  [h]:  p=0.263).  Therefore,  the 
adjusted  relative  risks  of  the  two  time  strata  were  not  significantly  different  from  one  another. 
Under  the  maximal  assumption,  the  adjusted  relative  risk  for  time  greater  than  18.6  years 
since  tour  was  significant  (p=0.007,  Adj.  RR=1.42).  The  other  adjusted  analyses  were  not 
significant 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  relative  frequencies  of  participants  with  abnormal 
sedimentation  rates,  the  simultaneous  contrast  of  the  four  current  dioxin  categories  was 
sigmficant  (Table  6-9  [i]:  p--0.003).  The  relative  frequencies  of  participants  with  abnormal 
sedimentation  rates  for  the  background,  unknown,  low,  and  high  current  dioxin  categories 
were  3.3,  3.5,  7.1,  and  9.1  percent  The  estimated  relative  risks  for  low  versus  background 
(Est  RR=2.25,  95%  C.I.:  [1.15,4.39])  and  high  venus  background  (Est  RR=2.92,  95%  C.I.: 
[1.55,5.51])  were  significant  (p=0.018  and  p<0.(X)l,  respectively). 

In  the  adjusted  analysis  of  sedimentation  rate  as  a  discrete  variable,  the  overall 
contrast  of  the  four  current  dioxin  categories  was  significant  (Table  6-9  [j]:  p<0.001).  The 
adjusted  relative  risks  for  low  versus  background  (Adj.  RR=2.32,  95%  C.I.:  [1.18,4.56])  and 
high  versus  backhand  (Adj.  RR=3.86,  95%  C.I.;  [2.00,7.45])  were  significant  (p=0.015  and 
p<0.001,  respectively). 

Longitudinal  Analysis 

Questionnaire  Variable 

Self-Perception  of  Health 

Longitudinal  analyses  of  the  percentage  of  participants  who  perceived  their  hc.ilth  as 
poor/fair  at  the  1987  examination  were  conducted  to  detect  associations  with  initial  dioxin  in 
Ranch  Hands,  current  dioxin  and  time  since  mrj  in  Ranch  Hands,  and  categorized  current 
dioxin  in  Ranch  Hands  and  Comparisons  Only  participants  who  reported  their  health  as  good 
or  excellent  at  the  1982  Baseline  examination  were  included  in  these  analyses.  Table  6-10 
presents  the  results  of  the  longitudinal  analyses.  For  a  specific  longitudinal  analysis  (c.g.. 
minimal  assumption,  initial  dioxi .  analysis),  the  upper  part  of  each  subpancl  of  a  table 
provides  the  percents  of  parti/  pants  with  fair  or  poor  self-perception  of  health  at  each 
examination.  The  lower  pan  of  each  subpancl  presents  sample  .'sizes,  percents,  relative 
risks,  and  associated  95  percent  confidence  intervals  subject  to  the  requirement  that 
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TABLE  6-10, 


Longitudinal  Analysis  of  Sdf-Perception  of  Health 


Ranch  Hands  -  Log2  (Initial  Dioxin) 


Percent  Fair  or  Poor/(n) 
Examinanen 


Assumption 

Initial 

Dioxin 

1982 

1985 

1987 

a)  Minimal 

Low 

15.5 

7.4 

5.7 

(123) 

(121) 

(123) 

Medium 

23.2 

12.5 

7.9 

(254) 

(249) 

(254) 

High 

18.4 

12.9 

8.0 

(125) 

(124) 

(125) 

E,xcel!ent  or  Good  in  1982 

Percent 

Initial 

n  in 

Fair  or  Poor 

Est.  Relative 

Dioxin 

1987 

in  1987 

Risk  {95% 

p-V.3!ue 

Low 

104 

1.0 

1.53  (1.02^.30) 

0.047 

Medium 

195 

3.1 

High 

102 

5.9 

•Relative  risk  for  a  rwofoM  increue  in  f'ioxin. 

Note;  .Minimil-Low;  52-93  ppf.  Medium;  >93-292  ppt;  High;  >292  pw. 

25-56.9  ppt;  Medium;  >56.9-218  ppi;  High;  >218  ppt. 

Summary  statistica  for  1985  are  provided  for  reference  purpc.rea  for  paiiicipanu  who  attended  the  Baseline, 

1985,  and  1987  eximinaiicm.i.  P-valuea  given  are  in  reference  to  a  contrast  of  1982  and  1987  results. 

Statistical  analyses  are  based  only  on  panicipanu  who  were  classined  «  eacellent  or  good  in  1932  (see  Ch.ipter 
4.  Statistical  Methods). 
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TABLE  6<10.  (Continued) 
Longitudinal  Analysis  of  Self-Perception  of  Health 


Assumption 

Ranch  Hands  - 

Initial 

Dioxin 

Log2  (Initial  Dioxin) 

Percent  Fair  or  Poor/(n) 

_ Exarunation _ 

1982  1985  1987 

b)  Maximal 

Low 

18.2 

4,2 

4.7 

(170) 

(167) 

(170) 

Medium 

20.7 

10.0 

6.2 

(3571 

(350) 

(357) 

High 

17.9 

12.4 

7.3 

(179) 

(177) 

(179) 

Excellent  or  Good  in  1982 

Percent 

Inidai 

nin 

Fair  or  Poor 

Est.  Relative 

Dioxin 

1987 

in  1987 

Risk  (95%  C.I.)a 

p-Value 

Low 

139 

0.7 

1.78  (1.25,2.54) 

0.002 

Medium 

283 

2.1 

High 

147 

4.1 

‘Relative  risk  for  a  twofold  increase  in  dioxin. 

Note:  Minimai-Low:  52-93  ppq  Medium:  >93-292  ppt;  High:  >292  p^<t. 

Maximal-Low:  25-36.9  ppt;  Medium;  >36.9-218  ppt;  High:  >J18  ppt. 

Summary  statistics  for  1985  are  provided  for  referance  purposes  for  participants  who  attended  the  Baseline, 

1985,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1982  and  1987  results. 

Sutisticel  analyses  are  based  only  on  participants  who  were  classified  as  excellent  or  good  in  1982  (see  Chapter 
4,  Statistical  Methods). 


TABLE  6-10.  (Continued) 
Longitudinal  Analysis  of  Self-Perception  of  Health 


Assumption 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

Percent  Fair  or  Poor/(n) 

_ CtifrgtitPipTgjn 

Time 

(Yrs.)  Examination  Low  Medium  High 

c)  Minimal 

<18.6 

1982 

15.9 

25.0 

15.4 

(69) 

(124) 

(52) 

1985 

7.4 

9.1 

5.9 

(68) 

(121) 

(51) 

1987 

7.3 

5.7 

3.9 

(69) 

(124) 

(52) 

>18.6 

1982 

14.8 

20.8 

21.9 

(54) 

(130) 

(73) 

1985 

9.4 

14.1 

19.2 

(53) 

(128) 

(73) 

1987 

5.6 

8.5 

12.3 

• 

(54) 

(130) 

(73) 

Excellent  or  Good  in  1982: 

Percent  Fair  or  Poor/(n)  in  1987 

_ Cunsni  PiQisin 

Time 

Est.  Relative 

(Yrs.) 

Low  Medium 

Hiah 

Risk  (95%  C.I.)a 

n- Value 

0.1896 

£18.6 

1.7 

2.2 

0.0 

0.76  (0.23,2.48) 

0.648= 

(58) 

(93) 

(44) 

>18.6 

2.2 

2.9 

10.5 

1.65  (1.03,2.62) 

0.036= 

(46) 

(103) 

(57) 

•Reladve  risk  for  t  twofold  increise  in  dioxin. 

'’Test  of  significxnce  for  homogeneity  of  reixtive  risks  (current  dioxin  continuous,  time  c«tegori.Ted). 

'Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  tune  categorized). 

Note:  Minimal-Low:  >10-14.65  ppt;  Medium:  >14.63-15.75  ppt;  High:  >45.73  ppL 
Maximal-Low:  >3-9.01  ppt:  Medium:  >9.01-33.3  ppt;  High:  >33 J  ppL 

Summary  statistics  for  1983  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline. 

1983,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1982  and  1987  results. 

Statistical  analyses  ate  based  only  on  participants  who  were  classified  as  excellent  or  good  in  1982  (see  Chapter 
4,  Statistical  Methods). 


6-41 


TABLE  6-10.  (Continued) 
Longitudinal  Analysis  of  Self-Perception  of  Health 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Percent  Fair  or  Poor/(n) 

Current  Dioxin 

Time 

(Yrs.)  Examination  Low  Medium  High 

d)  Maximal 

<18.6 

1982 

18.1 

21.7 

17.5 

(94) 

(184) 

(80) 

1985 

0.0 

8.3 

6.3 

(91) 

(180) 

(79) 

1987 

1.1 

6.5 

3.8 

(94) 

(184) 

(80) 

>18.6 

1982 

13.2 

21.5 

19.0 

(76) 

(172) 

(100) 

1985 

9.3 

11.8 

17.2 

(75) 

(170) 

(99) 

1987 

4.0 

8.1 

10.0 

(76) 

(172) 

(100) 

Excellent  or  Good  in  1982: 

Percent  Fair  or  Poor/(n)  in  1987 

Current  Dioxin 

Time 

Est. 

Relative 

(Yrs.) 

Low 

Medium  High 

Risk  (95%  C.I.)a 

p-Value 

0.324b 

<18.6 

0.0 

1.4  1.5 

1.18  (0.51,2.73) 

0.692C 

(77) 

(144)  (66) 

>18.6 

0.0 

3.0  7.4 

1.87  (1.23.2.83) 

0.003C 

(66) 

(135)  (81) 

•Relative  risk  for  a  twofold  increase  in  dioxin. 

*Tesl  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 

^Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  lime  categorized). 

Note:  Miaimi-Low:  >10-14.63  ppq  Medium:  >14.65-45.75  ppq  High;  >45.75  ppt 
Maaimal-Low:  >5-9.01  ppq  Mediutn;  >9.01-33.3  ppt;  High:  >33J  ppc 

Summary  statistics  for  1983  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1982  and  1987  results. 
Sutistical  analyses  are  based  only  on  pwticipants  who  were  classified  as  excellent  or  good  in  1982  (see 
Chapter  4,  Statistical  Methods). 
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TABLE  6-10.  (Continued) 
Longitudinal  Analysis  of  Self-Perception  of  Health 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Percent  Fair  or  Foor/(n) 

Examination 

Current 

Dioxin 

Catesorv  1982  198,5  1987 

Background 

14.5 

5.1 

5.0 

(685) 

(681) 

(685) 

Unknown 

16.8 

4.8 

3.8 

(316) 

(310) 

(316) 

Low 

24.1 

12.2 

7.3 

(191) 

(188) 

(191) 

High 

18.3 

12.4 

7.2 

(180) 

(178) 

(180) 

Sxs,teL9.L.C,.9<5dia. 

1982 

Current 

Percent 

Dioxin 

n  in  Fair  or  Poor 

Est.  Relative 

Category 

1937  in  1987 

Contrast 

Risk  (95%  C.I.)  p-Value 

Background  586  2.1 

All  Categories 

0.022 

Unknown 

263  0.4 

Unknown  vs.  Background  0.19  (0.02,1.44) 

0.108 

Low 

145  2.8 

Low  vs.  Background 

1.38  (0.44,4.36) 

0.579 

High 

147  4.8 

High  vs.  Background 

2.40  (0.93,6.22) 

0.070 

Note:  Background  (Compariaotu):  Current  Dioxin  <:,!0  ppc 
Unknown  (Ranch  Hands):  Current  Dioxin  s’O  pot. 

Low  (Ranch  Hands):  15  ppt  <  Cunent  Dioxin  <33J  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 

Summary  sutistica  for  1985  are  provided  for  refe-'cnce  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-vilues  given  are  in  reference  to  a  contrast  of  1982  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  w-re  ciarsifitd  as  excellent  or  good  in  1982  (see 
Chapter  4,  Sutisti..il  Methods). 
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participants  were  compliant  at  both  the  1982  and  1987  examinations  and  the  participants  had 
a  good  or  excellent  self-perception  of  health  at  the  1982  examination. 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  the  maximal  assumptions,  there  was  a  significant  positive 
association  between  initial  dioxin  and  the  percentage  of  Ranch  Hands  who  reported  fair  or 
poor  health  at  the  1987  examination  (Table  6-10  [a]  and  [b]:  p=0.047,  Est  ^=1.53  and 
p=0.(X)2,  Est  RR=1.78,  respectively).  Under  the  minimal  assumption,  of  the  Ranch  Hands 
with  a  good  or  excellent  self-perception  of  health  at  the  1982  examination,  the  percentages 
with  a  poor  or  fair  opinion  of  their  health  at  the  1987  examination  were  1.0,  3.1,  and  5.9 
percent  for  the  low,  medium,  and  high  initial  dioxin  categories.  The  corresponding 
percentages  under  the  maximal  assumption  were  0.7,  2.1,  and  4.1  percent 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  longitudinal  analysis  of  the  self-perception  of  health 
of  Ranch  Hands  did  not  detect  a  significant  interaction  between  current  dioxin  and  time  since 
tour  (Table  6-10  [c]:  p=0.189).  However,  for  Ranch  Hands  with  more  than  18.6  years  since 
their  tour,  there  was  a  significant  positive  association  between  current  dioxin  and  the 
percentage  who  repened  fair  or  poor  health  at  the  1987  examination  (p=0.036,  Est.  RR=1.65). 
Of  the  Ranch  Hands  who  reponed  good  or  excellent  health  in  1982,  the  percentages  reporting 
fair  or  poor  health  in  1987  were  2.2, 2.9,  and  10.5  percent  for  low,  medium,  and  high  current 
dioxin. 

Under  the  maximal  assumption,  the  longitudinal  analysis  did  not  detect  a  significant 
interaction  between  current  dioxin  and  time  since  tour  (Table  6-10  [d]:  p=0.324).  Similar  to 
the  minimal  analysis,  there  was  a  significant  positive  association  between  current  dioxin  and 
the  percentage  of  Ranch  Hands  who  reponed  fair  or  poor  health  in  1987  within  the  greater 
than  18.6  years  time  stratum  (p=0.003,  Est.  RR=1.87).  Of  those  Ranch  Hands  who  reported 
excellent  or  good  health  at  the  1982  Baseline  examination.  "  oercentage  who  reponed  fair 
or  poor  health  at  the  1987  examination  increased  with  incre,..  ,.g  current  dioxin  for  this  time 
stratum  (low,  0.0%;  medium,  3.0%;  high,  7.4%). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

For  the  longitudinal  analysis,  there  was  a  significant  difference  among  the  percentage  of 
participants  who  reported  fair  or  poor  health  at  the  1987  examination  for  the  four  cinrent 
dioxin  categories  (Table  6-10  [e];  p=0.022).  Of  the  participants  who  reported  excellent  or 
good  health  in  1982,  the  percentages  who  reported  fair  or  poor  he.alth  in  1987  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  2.1,  0.4,  2.8,  and  4.8 
percent  Specifically,  the  contrast  of  the  percentage  of  Ranch  Hands  in  the  high  current  dioxin 
category  who  reported  fair  or  poor  health  in  1987  versus  the  percentage  of  Comparisons  in  the 
background  category  was  of  borderline  significance  (p=0.070,  Est  RR=2.40,  95%  C.I.: 
[0.93,6.22]). 
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Laboratory  Examination  Variable 

Sedimentation  Rate  (Discrete) 

For  the  longitudinal  analyses,  the  percentages  of  participants  with  abnormal 
sedimentation  rates  at  the  1987  examinarion  were  examined  for  associations  with  initial 
dioxin  for  Ranch  Hands,  current  dioxin  and  time  since  tour  for  Ranch  Hands,  and  categorized 
current  dioxin  for  Ranch  Hands  and  Comparisons.  Only  those  participants  with  normal 
sedimentation  rates  at  the  1982  Baseline  examination  were  included  in  these  analyses. 

Table  6-11  presents  the  results  of  the  longitudinal  analyses. 

For  a  specific  longitudinal  analysis  (e.g.,  minimal  assumption,  initial  dioxin  analysis), 
the  upper  part  of  each  subpancl  of  a  table  provides  the  percents  of  participants  with  an 
abnormal  sedimentation  rate  at  each  examination.  The  lower  part  of  each  subpancl  presents 
sample  sizes,  percents,  relative  risks,  and  associated  95  percent  confidence  intervals  subject 
to  the  requirement  that  participants  were  compliant  at  both  the  1982  and  1987  examinations 
and  the  participants  had  a  normal  sedimentation  rate  at  the  1982  examination. 

Due  to  laboratory  differences,  the  outpoint  for  sedimentation  rate  for  the  1982  Baseline 
examination  differed  ftom  the  cutpoint  for  the  1985  and  1987  examinations.  The  normal  range 
for  sedimentation  rate  for  the  1982  Baseline  examination  was  less  than  or  equal  to  12  mm/hr, 
and  the  normal  range  for  the  1985  and  1987  examinations  was  less  than  or  equal  to  20  mm/hr. 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  the  maximal  assumptions,  the  longitudinal  analysis  of  the 
sedimentation  rate  detected  a  nonsignificant  positive  association  between  initial  dioxin  and 
the  percentage  of  Ranch  Hands  with  an  abnormal  sedimentation  rate  at  the  1987  examination 
(Table  6-11  [a]  and  [b]:  p=0.361  and  p=0.102,  respectively). 

Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  longitudinal  analysis  of  sedimentation  rate  did  not  detect  a  significant  interaction 
between  current  dioxin  and  time  since  tour  under  either  the  minimal  or  the  maximal 
assumption  (Table  6-11  [c]  and  [d]:  p=0.823  and  p=0.922,  respectively).  The  association 
between  current  dioxin  and  the  percentage  of  Ranch  Hands  with  an  abnormal  sedimentation 
rate  in  1987  was  also  nonsignificant  in  the  time  strata  under  both  assumptions  (p>0.30  for  all 
analyses). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

For  the  longitudinal  analysis  there  was  a  significa.nt  difference  among  the  percentage  of 
participants  with  abnormal  sedimentation  rates  for  the  four  current  dioxin  categories  (Table 
6-11  [e]:  p=0.010).  Of  the  participants  with  normal  sedimentation  rates  at  the  1982 
Baseline  examination,  the  proportions  with  abnormal  sedimentation  rates  at  the  1987 
followup  examination  for  the  background,  unknown,  low,  and  high  current  dioxin  categories 
were  2.3,  2.9,  5.4,  and  7.4  percent.  The  percentage  of  Comparisons  in  the  background 
category  with  abnormal  sedimentation  rates  in  1987  was  significantly  lower  than  the 
percentage  of  Ranch  Hands  with  abnormal  sedimentation  rates  in  1987  in  both  the  low 
(p=0.033,  Est.  RR=2.43,  95%  CL:  [1.07,5.51])  and  high  (p=0.002,  Est  RR=3.42,  95%  C.I.: 
[1.59,7.33])  categories. 
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TABLE  6-11, 


Longitudinal  Analysis  of  Sedimentation  Rate 
(Discrete) 


Ranch  Hands  •  Log2  (Initial  Dioxin) 


Percent  AbnonnaV(n) 
_ Examination 

Initial 


Assumption 

Dioxin 

1982 

1985 

1987 

a)  Minimal 

Low 

4.0 

8.2 

6.5 

(124) 

(122) 

(124) 

Medium 

3.1 

7.2 

9.0 

(255) 

(250) 

(255) 

High 

2.4 

4.0 

S.O 

(125) 

(124) 

(125) 

Normal  in  1982 


Initial 

Dioxin 

nin 

1987 

Percent 
Abnormal 
in  1987 

Est  Relative 

Risk  (95%  C.I.)a 

p- Value 

Low 

119 

2.5 

1.15  (0.85,1.56) 

0.361 

Medium 

247 

6.9 

High 

122 

6.6 

*Relative  risk  for  a  twofold  increase  in  dioxin. 

Note:  Minimal-Low;  52-93  ppi;  Medium;  >93-292  ppt;  High;  >292  ppL 

Maaimal-Low;  23-56.9  ppt;  Medium:  >56.9-218  ppt;  High;  >218  ppt. 

Sununary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1982  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1982  (see  Chapter  4,  .'utistical 
Methods). 


TABLE  6-11.  (Continued) 


Longitudinal  Analysis  of  Sedimentation  Rate 
(Discrete) 


Ranch  Hands  •  Log2  (Initial  Dioxin) 

Percent  AbnonnaV(n) 


Assumption 

Initial 

Dioxin 

1982 

1985 

1987 

b)  Maximal 

Low 

2.9 

4.8 

4.7 

(171) 

(168) 

(171) 

Medium 

2.8 

7.1 

7.2 

(359) 

(352) 

(359) 

High 

2.8 

4.0 

7.8 

(179) 

(177) 

(179) 

Initial 

Dioxin 

nin 

1987 

Percent 
Abnormal 
in  1987 

Low 

166 

3.6 

Medium 

349 

5.2 

High 

174 

5.8 

“Relative  risk  for 

a  twofold  increase  in 

dioxin. 

Est  Relative 
Risk  (9.5%  C.I.)^ 


1.22  (0.97,1.55) 


-Value 


0.102 


Note:  Mmimal-Low:  52-93  ppt;  Medium:  >93-292  ppu  High:  >292  pp«. 

Maximal-Low:  25-36.9  ppt;  Medium:  >56.9-213  ppt;  High;  >218  ppt. 

Summary  statiatics  for  1985  ere  provided  for  reference  purpoaes  for  participinta  who  aaendsd  the  Baaeline, 
1985,  and  1987  examir.auona.  P-values  given  are  in  reference  to  a  contraat  of  1982  and  1987  resulta. 
Statiatical  analyses  .ve  baaed  only  cn  panicipanta  who  were  normal  In  1982  (ate  Chapter  4,  Statistical 
Methods). 
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TABLE6.il.  (Continued) 


Longitudinal  Analysis  of  Sedimentation  Rate 
(Discrete) 


Ranch  Hands  *  Log2  (Current  Dioxin)  and  Time 


Percent  Abnonnal/(n) 
Current  Dioxin 


Time 

Assumption 

(Yrs.)  Examination 

Low 

Medium 

^ _ 

c)  Minimal 

<18.6  1982 

7.3 

1.6 

0.0 

(69) 

(125) 

(52) 

1985 

11.8 

4.9 

2.0 

(68) 

(122) 

(51) 

1987 

10.1 

6.4 

1.9 

(69) 

(125) 

(52) 

>18.6  1982 

3.6 

3.1 

4.1 

(55) 

(130) 

(73) 

1985 

9.3 

7.8 

4.1 

(54) 

(128) 

(73) 

1987 

9.1 

10.0 

9.6 

(55) 

(130) 

(73) 

Normal  in  1982; 

Percent  Abnormal/(n)  in  1987 

Hmc 

Current  Dioxiii _ 

Est.  Relative 

(Yrs.) 

Low  Medium  High 

Risk  (95%  C.I.)a 

p-Value 

0.823b 

<18.6 

3.1  6.5  1.9 

1.14  (0.66,1.97) 

0.649C 

(64)  (123)  (52) 

>18.6 

5.7  7.1  7.1 

1.05  (0.71.U5) 

0.798= 

(53)  (126)  (70) 

‘Relative  risk  for  a  twofold  mcrease  in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorired). 

^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal— Low:  >10-14.63  ppu  Medium:  >14.65-43.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppu  Medium:  >9.01-333  ppu  High;  >333  ppu 

Summary  statistics  for  1985  are  provided  for  reference  purposes  for  participants  who  amended  the  Baseline, 
1985,  and  1987  examinations.  P-values  given  are  in  reference  us  a  contrast  of  1982  and  1987  results. 
Statistical  analyses  are  based  only  cm  participants  who  were  normal  in  1982  (see  Chapter  4,  Statistical 
Methods). 
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TABLE6.il.  (Continued) 

Longitudinai  Analysis  of  Sedimentation  Rzte 
(Discrete) 


Assumption 


d)  Maximal 


Ranch  Hands  •  Lcg2  (Current  Dioxin)  and  Time 

Percent  AbnormaV(n) 


Time 

(Yrs.) 

Examination 

Low 

Medium 

Hieh 

<18.6 

1982 

4.2 

3.8 

0.0 

(95) 

(185) 

(80) 

1985 

3.3 

6.1 

6.3 

(92) 

(181) 

(79) 

’987 

3.2 

6.5 

6.3 

(95) 

(185) 

(80) 

>18.6 

1982 

0.0 

2.9 

4.0 

(76) 

(173) 

(100) 

1985 

4.0 

7.6 

5.1 

(75) 

(171) 

.  (99) 

1987 

4.0 

8.1 

11.0 

(76) 

(173) 

(100) 

Normal  in  1982: 
Percent  A bnormal/(n)  in  1987 
_ Current  Dioxin _ 


Time 

(Yrs.) 

Low 

Medium 

High 

Est.  Relative 

Risk  (95%  CI.)a 

p-Valuc 

<18.6 

2.2 

(91) 

3.9 

(178) 

6.3 

(80) 

1.20  (0.80,1.80) 

0.922^ 

0.390C 

>18.6 

4.0 

(76) 

5.4 

(168) 

8.3 

(96) 

1,17  (0.86,1.57) 

0.3 14C 

*Rel»ave  risk  for  t  t»ofo!d  increiie  in  dioxin. 

•^est  of  significinca  for  homojeneity  of  rrlaiive  risks  (esnenc  dioxin  ccntiiiuous,  time  categorized). 

T'est  of  significence  for  relative  risk  equaj  to  1  (cur.ent  dioxin  continuous,  time  categorized). 

Note;  Miaiaul--Low;  >10-14.45  ppq  Medium;  >14.65^5.75  fi«;  High:  >45.75  ppL 
Mjaioji-Low:  >5-9.01  ppc  Medium;  >9.01-333  ^pt;  High;  >333  ppi. 

Summary  sutistics  for  1985  sre  provided  for  reference  purposes  for  participants  who  anerded  the  BaselLni, 
1925,  and  1987  examinations.  P-va]ues  given  are  in  refeie.ace  to  a  contrast  of  1932  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1982  (see  Chapter  4,  Siatistical 
Mediods). 
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TABLE  6>11.  (Continued) 


Longitudinal  Analysis  of  Sedimentation  Rate 
(Discrete) 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Percent  Abnonnal/(n) 

Current  Examination  ■ . 

Dioxin 

Category  1982  1985 

1987 

Background 

4.7 

3.1 

3.5 

(686) 

(682) 

(686) 

Unknown 

2.2 

3.5 

3.5 

(317) 

(311) 

(317) 

Low 

2.6 

4.8 

6.8 

(192) 

(189) 

(192) 

High 

2.2 

5.6 

8.9 

(180) 

(178) 

(180) 

I^QnnaliQ.1232 

Current 

Percent 

Dioxin 

nin 

Abnormal 

Est.  Relative 

Category 

1987 

in  1987 

Contrast 

Risk  {95%  C.I.) 

p-Valuc 

Background 

654 

2.3 

All  Categories 

0.010 

Unknown 

310 

2.9 

Unknown  vs.  Background 

1.29  (0.56,2.99) 

0.550 

Low 

187 

5.4 

Low  vs.  Background 

2.43  (1.07,5.51) 

0.033 

High 

176 

7.4 

High  vs.  Background 

3.42  (1.59,7.33) 

0.002 

Note;  B«ckgipi)jKl  (Comptrisons);  Current  Dioxin  ^10  ppc. 

Unknown  (Rxnch  Hinds):  Current  Dioxin  slO  ppt. 

Low  (Rineh  Hinds):  13  ppt  <  Cunent  Dioxin  i33  J  ppt. 

High  (Xinch  Hinds):  Current  Dioxin  >33J  ppc 

Summery  stitistics  for  1983  ire  provided  for  reference  purposes  for  pirticipants  who  attended  the  Baseline, 
1983,  and  1987  exa.-ninations.  P-values  given  are  in  reference  to  a  eontrist  of  1982  and  1987  results. 
Statistical  analyses  are  based  only  on  participanu  who  were  normal  in  1982  (see  Chapter  4,  Sutistical 
Methods). 
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DISCUSSION 

In  clinical  medicine,  the  assessment  of  an  individual’s  general  state  of  health  is  based 
on  subjective  and  objective  indices  derived  from  the  history,  physical  examination,  and 
laboratory  testing.  The  variables  analyzed  in  the  current  assessment  were  selected  to  be 
sensitive  to  the  overall  state  of  health  rather  than  specific  to  any  organ  system.  Of  the  five 
clinical  variables  analyzed  in  the  current  assessment,  only  the  percent  body  fat  and 
sedimentation  rate  consistently  showed  strongly  positive  associations  with  the  current  and 
extrapolated  initial  serum  levels  of  dioxin. 

The  percent  body  fat  easily  is  derived  as  an  objective  parameter  related  to  good  health. 
Whereas  obesity  is  a  risk  factor  for  cardiovascular  disease  and  can  contribute  to  hypertension 
and  diabetes  mellitus,  it  is  often  the  patient  with  unexplained  weight  loss  who  is  clinically  of 
concern.  Among  the  disorders  considered  in  the  current  study  that  can  induce  unintentional 
weight  loss  are  metabolic  diseases,  such  as  diabetes  mellitus  and  hyperthyroidism;  occult 
malignancy,  most  often  lung  or  colon;  drug  abuse,  for  example  alcoholism  or  cocaine  addiction; 
and  emotional  illness,  such  as  anxiety  or  depression.  To  the  extent  that  it  can  reflect 
significant  weight  gain  or  loss,  the  percent  body  fat  can  serve  as  a  valuable  clinical  clue  to  the 
presence  of  occult  disease. 

A  significant  association  between  percent  body  fat  and  initial  dioxin  was  evident  in  this 
study.  The  relationship  between  dioxin  and  body  fat  was  consistent  whether  dioxin  was 
measured  on  a  lipid- adjusted  basis  or  on  a  whole-weight  basis.  In  the  maximal  cohort, 

29.0  percent  of  those  participants  with  high  initial  levels  of  dioxin  met  criteria  for  obesity  by 
discrete  analysis  in  contrast  to  a  12.4  percent  incidence  of  obesity  in  those  with  low  initial 
levels.  Clinically,  it  would  be  difficult  to  explain  the  finding  of  higher  levels  of  dioxin  in 
relatively  obese  participants  on  the  basis  of  any  health  detrimenL  While  several  studies 
have  documented  that  a  mobile  equilibrium  exists  between  scrum  and  adipose  tissue  levels 
(11,  37),  the  pharmacokinetics  of  dioxin  in  obese  versus  lean  individuals  have  not  been 
studied  prospectively  over  time. 


The  sedimentation  rate  can  be  a  sensitive,  if  nonspecific,  index  of  general  health. 
Pertinent  to  the  longitudinal  design  of  the  current  study  is  the  effect  of  age:  A  rate  as  high  as 
40  millimeters  per  hoior  is  considered  within  the  range  of  normal  at  age  65.  Extreme 
elevations  in  the  sedimentation  rate  consistently  are  associated  with  serious  underlying 
disease,  usually  malignancy. 

In  groups  of  close  to  identical  size,  4.9  percent  of  participants  with  low  serum  dioxin 
levels  (25  ppt  to  56.9  ppt)  were  found  to  have  elevated  sedimentation  rates  while  those  with 
the  highest  levels  (more  than  218  ppt)  had  an  8.1  percent  incidence  of  abnormal  elevations. 
Furthermore,  consistent  with  results  described  in  the  1985  and  1987  reports,  a  significantly 
higher  incidence  of  abnormally  elevated  sedimentation  rates  was  noted  in  the  Ranch  Hand 
versus  the  Comparison  cohort  in  a  pattern  strongly  suggestive  of  a  dose-response  effect. 
Finally,  the  possibility  of  a  temporal  effect  is  raised  by  the  significantly  higher  incidence  cf 
sedimentation  rate  elevations  in  Ranch  Hands  who  arc  now  more  removed  from  service  in 
SEA  (>18.6  years).  Though  of  unccnain  cause,  these  results  raise  the  possibility  that  some 
clinically  occult  disease  process  may  be  present  in  the  Ranch  Hand  cohort  and  highlight  the 
need  for  continued  evaluation  of  ESR  in  subsequent  examination  cycles. 


The  longitudinal  analyses  of  sedimentation  rate  reveal  positive  but  nonsignificant 
associations  for  Ranch  Hand-only  analyses  using  inidal  dioxin,  as  well  as  current  dioxin  and 
time  since  tour.  The  longitudinal  analysis  of  categorked  current  dioxin  did  reveal  a  dose- 
response  pattern  when  considering  Ranch  Hands  and  Comparisons. 

SUMMARY 

For  the  general  health  assessment,  the  following  five  variables  were  evaluated  for  an 
association  with  serum  dioxin  levels:  self-percepdon  of  health,  appearance  of  illness  or 
distress  at  physical  examinadon,  relative  age,  percent  body  fat,  and  sedimentadon  rate.  All 
five  variables  were  analyzed  in  discrete  form.  Percent  body  fat  and  sedimentation  rate  were 
also  analyzed  as  continuous  variables.  Tables  6-12,  6-13,  and  6-14  provide  the  results  of 
analyses  based  on  inidal  dioxin,  current  dioxin  and  time  since  tour,  and  categorized  current 
dioxin. 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

For  the  unadjusted  analysis  of  self-perception  of  health,  there  was  a  marginally 
significant  positive  association  with  initial  dioxin  under  the  maximal  assumption.  For  the 
unadjusted  analysis  of  percent  body  fat  expressed  in  the  continuous  form,  significant  positive 
associations  with  initial  dioxin  were  found  under  both  the  minimal  and  maximal  assumptions 
(Table  6-12:  p=U.(X)l  and  p<0.001).  Significant  positive  associations  were  also  found  for 
percent  body  fat  expressed  as  a  discrete  variable  (p=0.012  and  p<0.(X)l).  In  the  unadjusted 
analyses  of  sedimentation  rate  in  continuous  form,  a  marginally  significant  positive 
association  with  initial  dioxin  was  found  under  the  minimal  assumption  and  a  significant 
positive  association  (p<0.(X)l)  was  found  under  the  maximal  assumption.  For  the  discrete 
fonn  of  sedimentation  rate,  there  was  a  positive  association  with  initial  dioxin  that  was  of 
borderline  significance  under  the  maximal  assumption.  The  other  two  dependent  variables 
displayed  nonsignificant,  albeit  positive  associations  with  initial  dioxin  for  the  unadjusted 
analyses. 

Regardless  of  its  form,  percent  body  fat  again  displayed  significant  positive  associations 
with  initial  dioxin  under  both  the  minimd  and  maximal  assumptions  for  the  adjusted  analyses. 
For  sedimentation  rate  evaluated  in  continuous  form,  the  adjusted  analyses  displayed 
positive  significant  associations  with  initial  dioxin  (p=0.(X)2  and  p<0.(X)l)  for  the  minimal  and 
maximal  assumptions.  For  sedimentation  rate  expressed  in  discrete  form,  there  was  a 
significant  positive  association  for  the  maximal  assumption  (p=0.008). 

For  the  adjusted  analysis  of  self-perception  of  health,  there  was  a  significant  interaction 
between  initial  dioxin  and  age  for  the  minimal  analysis,  and  an  intcr?ction  o.  .n-ual  dioxin  and 
personality  vpc  for  the  maximal  analysis.  For  the  interaction  of  initial  dioxin  with  age.  Ranch 
Hands  born  in  or  after  1942  had  a  significant  positive  association  with  initial  dioxin,  and  those 
bom  prior  to  1942  had  a  nonsignificant  negative  association.  For  the  interaction  of  initial 
dioxin  with  personality  type.  Ra.nch  Hands  classified  as  type  A  had  a  significant  positive 
association  with  initial  dioxin  and  those  classified  as  type  B  had  a  nonsignificant  positive 
association.  After  excluding  these  interactions,  there  was  a  nonsignificant  positive 
association  with  initial  dioxin  for  the  minimal  analysis,  and  a  marginally  significant  positive 
association  with  initial  dioxin  for  the  maximal  analysis.  The  adjusted  analyses  of  appearance 
of  illness  or  distress  and  relative  age  were  nonsignificant  under  both  assumptions. 
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TABLE  6-12, 


Summary  of  Initial  Dioxin  Analyses  for  General  Health  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted  Adjusted 


Variable 

Minimal 

Maximal 

Minimal 

Maximal 

Questionnaire 

Self-Perception 

of  Health  (D) 

Physical  Examination 

NS 

NS* 

••  (NS) 

•*  (NS*) 

Appearance  of  Illness  or 

Distress  by  Physician  (D) 

NS 

NS 

NS 

NS 

Relative  Age  (D) 

NS 

NS 

NS 

NS 

Percent  Body  Fat^  (C) 

+0.001 

+<0.001 

■iO.001 

+<0.001 

Percent  Body  Fat  (D) 

+0.012 

-kO.001 

+0.010 

+<0.001 

Laboratory 

Sedimentation  Rate  (C) 

NS* 

+<0.001 

+0.002 

+<0.001 

Sedimentadon  Rate  (D) 

,  NS 

NS* 

NS 

+0.008 

•Negative  jlope  conaidered  advene  for  thia  variable. 

C:  Continuoua  anilysia. 

D;  Diacreie  anaiyais. 

Relative  riak  1.00  or  greater  for  diacrete  analyaia;  alope  nonnegative  for  continuoua  analyaia. 

NS:  Not  aignificani  (p>0.10). 

NS*:  Marginally  sigriiflcani  (0.03<pi0.10). 

••  (NS):  Log2  (initial  dioxin)-by-covariate  irueraction  (0.01<pi0.05);  not  aignificaiu  when  bieraction  ia  deleted; 

refer  to  Appendix  Table  E-1  for  a  deuiled  deacription  of  ihia  interaction. 

••  (NS*):  Log2  (initial  dioxin)-by-cavariate  interaction  (0.01<ps0.03);  marginally  aignincant  when  interaction  ia 
deleted;  refer  to  Appsidix  Table  E-1  for  a  detailed  deacription  of  thia  interaction. 

Note:  P-value  given  if  piO.03. 

A  capital  “NS"  denoiea  relative  riak  1.00  or  greater  for  diacrete  analyaia  or  nonnegative  for  continuoua  analyaia. 


TABLE  6-13, 


Summary  of  Current  Dioxin  and  Time  Analyses  for  General  Health 
Variables  Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Minimal 

Unadjusted 

Maximal 

Variable 

C*T 

<18.6 

>18.6 

C*T 

<18.6 

>18.6 

Questionnaire 

Self-Perception 

of  Health  (D) 

Physical  Examination 

NS* 

ns 

NS 

NS 

NS 

NS* 

Appearance  of  Illness  or 

Distress  by  Physician  (D) 

NS 

ns 

NS 

NS 

ns 

NS 

Relative  Age  (D) 

-0.039 

+0.027 

ns 

-0.024 

+0.028 

ns 

Percent  Body  Fat®  (Q 

NS 

NS* 

+0.014 

ns 

+<0.001 

+<0.001 

Percent  Body  Fat  (D) 

NS 

NS 

+0.045 

ns. 

+0.001 

+0.013 

Laboratory 

Sedimentation  Rate  (C) 

NS 

ns 

NS 

NS 

NS 

+0.011 

Sedimentation  Rate  (D) 

NS 

ns 

NS 

NS 

ns 

NS* 

*Negitive  slope  considered  tdverse  for  this  vtritble. 

C;  Contitiuous  analysis. 

D:  Discrete  uialysis. 

+:  £18.6  end  >18.6:  Relative  risk  1.00  or  greater  for  discrete  analysis;  slope  nonnejative  for  continuous  analysis. 

•:  C*T:  Relative  risk/slope  for  £18.6  category  greater  than  relative  risk/slope  for  >18.6  category. 

NS/ns:  Not  significant  (p>0.10). 

NS*:  Marginally  signiTicant  (0.03<p£0.10). 

Notes:  P-value  given  if  piO.05. 

C*T;  Log2  (current  dioxin)-by-tiine  interaction  hypothesis  test 

£18.6:  Log2  (current  dioain)  hypothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  of  18.6  years  or 

less. 

>18.6:  Log2  (current  dioxin)  hypothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  greater  than  18.6 

years. 

A  capital  "NS"  denotes  relative  risk/slope  for  £18.6  category  less  than  relative  risfc/slope  for  >18.6  category, 
relative  risk  l.(X)  or  greater  for  discrete  asulysis,  or  slope  nonnegative  for  continuous  analysis;  a  lowercase 
“ns"  denotes  relative  risk/slope  for  £18.6  category  greater  than  relative  risk/slope  for  >18,6  category, 
relative  risk  less  than  1.00  for  discrete  analysis,  or  slope  negative  for  continuous  analysis. 
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TABLE  6-13.  (Continued) 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Geieral  Health 
Variables  Based  on  Minimal  and  Maximal  Assunptions 
(Ranch  Hands  Only) 


Minimal 

Adjosted 

Maximal 

Variable 

C*T 

<18.6 

>18.6 

cn 

S18.6 

>18.6 

Quesrionnaire 

Self-Perception 

of  Health  (D) 

Physical  Examination 

•««« 

•••• 

•  ••• 

Appearance  of  Illness  or 

Distress  by  Physician  (D) 

NS 

ns 

NS 

NS 

ns 

NS 

Relative  Age  (D) 

-0.039 

+0.027 

ns 

-0.026 

NS* 

ns 

Percent  Body  Fat^  (Q 

NS 

NS* 

+0.008 

ns 

+<0.001 

+<0.001 

Percent  Body  Fat  (D) 

Laboratory 

NS 

NS 

+0.029 

ns 

+<0.001 

+0.003 

Sedimentation  Rate  (CT) 

NS 

NS 

+0.026 

NS 

+0.031 

-t-cO.OOl 

Sedimentation  Rate 

NS 

ns 

NS 

NS 

NS 

+0.007 

*Megative  s]op«  considered  idverse  for  this  vtritble. 

C:  Continuous  anilysis. 

D:  Discrete  analysis. 

+:  S18.6  and  >18.6:  Relative  risk  l.OO  or  greater  for  discrete  analysis;  slope  nonnegadve  for  continuous  analysis. 

•:  C*T:  Relative  risk/slope  for  il8.6  category  greater  than  relative  risk/slope  for  >18.4  category. 

NS/ns:  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<pi0.10). 

•*••:  Log2  (current  dio)un)-by-time-by-covariate  interaction  (psO.Ol);  refer  to  Appendis  Table  E-1  for  a  detailed 
description  of  this  interaction. 

Notes;  P-value  given  if  piO.03. 

C*T:  Log2  (current  dioxin>-by-time  interacrion  hypothesis  test. 

il8.6:  Log2  (current  dioxin)  hyprthesis  test  for  Ranch  Harxls  with  time  since  end  of  tour  of  18.6  years  or 
lest. 

>18.6:  Log2  (current  dioxin)  hypothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  greater  than  18.6 
years. 

A  capital  “NS"  denotes  relative  risk/slope  for  S18,6  category  less  than  relative  risk/slope  for  >18.6  category, 
relative  risk  l.(X)  or  greater  for  discrete  analysis,  or  s^cpe  nonnegaiive  for  continuous  analysis;  a  lowercase 
“ns"  denotes  relative  risk/slope  for  61 8.6  category  greater  than  relative  risk.lslope  for  >18.6  category,  relative 
risk  less  than  1.00  for  discrete  analysis,  or  slope  negative  for  conlinucus  analysis. 
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TABLE  5-14. 


Summary  of  Categorized  Current  Dioxin  Analyses  for 
General  Health  Variables 
(Ranch  Hands  and  Comparisons) 


Variable 

All 

Unadjusted 

Unknown  Low 

versus  versus 

Background  Background 

High 

versus 

Background 

Questionnaire 

Self-Perception 

of  Health  (D) 

Physical  Examination 

NS 

ns 

NS 

NS 

Appearance  of  Illness  or 

Distress  by  Physician  (D) 

NS 

NS 

-  - 

NS 

Relative  Age  (D) 

NS 

NS 

ns 

NS 

Percent  Body  Fat^  (C) 

<0.001 

-<0.001 

NS 

+<0.001 

Percent  Body  Fat  (D) 

<0.001 

-<0.001 

ns 

NS* 

Laboratory 

Sedimentation  Rate  (C) 

0.002 

-0.025 

NS* 

NS* 

Sedimentation  Rate  (D) 

0.003 

NS 

+0.018 

+0.001 

^Negative  dinerence  considered  adverse  for  this  variable. 

C:  Continuous  analysis. 

O:  Discrete  analysis. 

+:  Relative  risk  1.00  or  greater  for  discrete  analysis;  difference  in  means  nonr.egative  for  continuous  analysis. 

Relative  risk  less  than  1.00  for  discrete  analysis;  difference  in  means  negative  for  continuous  analysis. 

— :  Analysis  not  performed  due  to  category  with  no  abnormalities. 

NS/ns;  Not  significant  (p>0.10). 

NS*:  Marginally  significant  (0.05<ps,0.10). 

Note;  P-value  given  if  ps0.05. 

A  capital  “NS"  denotes  relative  risk  1.00  or  greater  for  discrete  analysis  or  difference  in  means  normegative  for 
continuous  analysis;  a  lowercase  “ns"  denotes  relative  risk  less  than  1.00  for  discrete  analysia;  a  capital  "NS" 
in  the  first  column  does  not  imply  directionality. 


TABLE  6-14.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses  for 
General  Health  Variables 
(Ranch  Hands  and  Comparisons) 


Variable 

All 

Adjusted 

Unknown  Low 

versus  versus 

Background  Background 

High 

versus 

Background 

Questionnaire 

Self-Perception 

of  Health  (D) 

Physical  Examination 

NS 

ns 

NS 

NS 

Appearance  of  Illness  or 

Distress  by  Physician  (D) 

**  (NS) 

•*  (NS) 

*•  (NS) 

Relative  Age  (D) 

NS 

NS 

ns 

NS 

Percent  Body  Fat^  (C) 

<0.001 

-<0.001 

NS 

-kO.OOI 

Percent  Body  Fat  (D) 

<0.001 

-<0.001 

ns 

NS* 

Laboratory 

Sedimentation  Rate  (C) 

**  (<0.001 )  **  (-0.007) 

**  (NS*) 

**  (+0.004) 

Sedimentation  Rate  (D) 

<0.001 

NS 

-K).015 

+<0.001 

*NegUive  difference  considered  idverse  for  this  viriiiile. 

C:  Continuous  anelysis. 

D;  Discrete  inalysis. 

+:  Relative  risk  1.00  or  greater  for  discrete  analysis:  difference  in  means  nonnegative  for  continuous  analysis. 
Reladve  risk  less  than  1.00  for  discrete  analysis;  difference  in  means  negative  for  continuous  analysis. 

Analysis  not  performed  due  to  category  with  no  abnormalities. 

NS/ns;  Not  significant  (p>0.10). 

NS*:  Marginaily  significant  (0.03<pi0.10). 

••  (NS):  Categorized  current  dioain-by-covariate  interaction  (0.01<ps0.05):  not  significant  when  interaction  is 
deleted;  refer  to  Appendia  Table  E-1  for  a  detailed  description  of  this  interaction. 

••  (NS*):  Categorized  current  dioain-by-covariate  interaction  (0.01<pi0.03);  marginally  significant  when  interaction 
is  deleted;  refer  to  Appendix  Table  E-1  for  a  detailed  description  of  this  inierKtion. 

**  (...):  Categorized  current  dioain-by-covariate  inteisction  (0.01<ps0.03):  significant  when  interaction  is  deleted,  and 
p-value  is  given  in  parentheses:  refer  to  Appendix  Table  E-1  for  a  detailed  description  of  this  interaction. 

Note:  P-value  given  if  p^O.OS. 

A  capita]  “ifS"  denotes  relative  risk  I.IX)  or  greater  for  discrete  analysis  or  dilTerence  in  means  nonnegative  for 
continuous  analysis;  a  lowercase  •'ns"  denotes  relative  risk  less  than  1.00  for  discrete  analysis;  a  capital  “NS" 
in  the  first  column  does  not  imply  directionality. 
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Under  both  the  minimal  and  maximal  assumptions  of  the  longitudinal  analyses  of  self- 
percepdon  of  health,  a  significant  positive  association  was  found  between  initial  dioxin  and 
the  percentage  of  Ranch  Hands  having  an  abnormal  self-perception  of  health  in  1987  (p=0.047 
and  p=0.002,  respectively).  That  is,  the  prevalence  of  a  fair  or  poor  self-perception  of  health 
in  1987,  conditioned  on  excellent  or  good  health  in  1982,  increased  with  an  increase  in  initial 
dioxin  for  both  cohorts.  However,  the  percentage  of  participants  who  reported  their  health  as 
fair  or  poor  in  1987  decreased  by  over  50  percent  since  1982.  No  significant  associations  with 
initial  dioxin  were  observed  in  the  longitudinal  analyses  of  sedimentation  rate. 

Model  2:  Ranch  Hands  •  Logi  (Current  Dioxin)  and  Time 

For  the  unadjusted  analysis  of  relative  age,  there  was  a  significant  interaction  between 
current  dioxin  and  time  since  tour  under  the  minimal  assumption  and  the  maximal  assumption 
(Table  6-13:  p=0.039  and  p=0.024,  respectively).  Under  both  assumptions,  the  estimated 
relative  risks  were  significant  and  exceeded  1  for  men  with  18.6  years  or  less  since  tour 
(minimal,  p=0.027;  maximal,  p=0.028).  For  those  with  more  than  18.6  years  since  tour,  the 
associations  with  current  dioxin  were  negative  but  nonsignificant  under  both  assumptions. 

In  the  unadjusted  analysis  under  the  minimal  assumption  of  self-perception  of  health, 
the  interaction  of  current  dioxin  and  time  was  marginally  significant  For  those  men  with  18.6 
years  or  less,  there  was  a  nonsignificant  negative  association  between  self-perception  of 
health  and  current  dioxin  and  for  those  with  more  than  18.6  years  there  was  a  nonsignificant 
positive  association  with  current  dioxin.  Under  the  maximal  assumption,  the  unadjusted 
analysis  of  self-perception  of  health  displayed  a  nonsignificant  current  dioxin-by-time 
interaction  with  a  marginally  significant  positive  association  with  current  dioxin  for  those  men 
with  greater  than  18.6  yean  since  tour< 

For  both  continuous  and  discrete  measures  of  percent  body  fat,  tlie  unadjusted  analyses 
contained  nonsignificant  current  dioxin-by-time  interactions  under  both  assumptions. 
However,  for  these  analyses  both  time  strata  exhibited  positive  associations  with  current 
dioxin  that  generally  were  significant 

For  appearance  of  illness  or  distress  at  the  physical  examination,  and  also  for  both 
measures  of  sedimentation  rate,  the  unadjusted  antilyses  exhibited  nonsignificant  current 
dioxin- by-time  interactions  under  both  assumptions. 

For  continuous  and  discrete  sedimentation  rate,  the  unadjusted  analyses  under  the 
maximal  assumption  contained  positive  associations  with  current  dioxin  that  were  at  least 
marginally  sign^cant  for  those  men  with  greater  than  18.6  years  since  tour. 

In  the  adjusted  analysis  of  relative  age,  the  current  dioxin-by-time  interaction  was 
significant  under  both  assumptions  (minimal,  p’=0.039;  maximal,  p^.026).  The  minimal 
analysis  exhibited  a  significant  positive  association  with  current  dioxin  (p=0.027)  and  the 
maximal  analysis  exhibited  a  marginally  significant  positive  association  among  those  more 
recently  exposed  (<18.6  yean).  Under  both  assumptions,  the  association  for  those  men 
exposed  more  than  18.6  yean  was  negative  but  nonsignificant 
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For  self-perception  of  health,  the  adjusted  analyses  under  both  assumptions  exhibited 
significant  current  ^oxin-by-time-by-personality  type  interactions  (minimal,  p=0.(X)7; 
maximal,  p=0.(X)5).  Exploration  of  the  interactions  showed  that  under  both  assumptions,  the 
current  doxin-by-time  interactions  were  significant  for  Ranch  Hands  classified  as  type  A, 
and  for  these  same  individuals  there  was  a  nonsignificant  negative  association  with  current 
dioxin  for  the  more  recently  exposed  men  (518.6  years)  and  a  significant  positive  association 
with  current  dioxin  for  tho.'e  with  earlier  tours  (>18.6  years).  Analyses  for  R£.^ch  Hands 
classified  as  type  B  exhibited  nonsignificant  results. 

In  the  adjusted  analyses  of  both  measures  of  percent  body  fat,  the  interactions  of  current 
dioxin  and  time  were  not  significant  under  both  asstimpdons.  However,  under  the  minimal 
a-ssumpdon,  there  were  significant  posidve  associadons  with  current  ditmn  for  time  since 
tour  more  than  18.6  years  (continuous,  p=0.008;  discrete,  p=0.029),  and  for  the  maximal 
assumpdon  both  time  strata  displayed  significant  posidve  associadons  with  current  dioxin 
(continuous,  p<0.(X)l  and  p<0.001;  discrete,  p<0.001  and  p=0.(X)3,  for  time518.6  years  rn  i 
dme>18.6  years). 

For  both  forms  of  sedimentadon  rate,  the  adjusted  analyses  exhibited  nonsignificant 
current  dioxin-by-dme  interacnons.  For  continuous  sedimentadon  rate,  the  association  with 
current  dioxin  was  posidve  and  significant  (p=0.026)  under  the  minimal  assumption  for  men 
exposed  more  than  18.6  years.  For  continuous  sedimentadop.  rate,  the  association  with 
current  dioxin  was  posidve  and  significant  under  the  maximal  assumpdon  for  men  with  18.6 
years  or  less  since  tour  (p=0.03n  and  for  men  with  more  than  18.6  years  since  tour 
(p<0.001).  For  the  discrete  version  of  sedimentadon  rate,  there  was  a  significant  positive 
association  with  current  dioxin  for  more  than  18.6  yean  (p=0.007)  under  the  maximal 
assumption. 

In  the  adjusted  analysis  of  illness  or  distress  at  the  physical  examination,  no  covariates 
had  a  significant  effect,  hence  the  unadjusted  nonsignificant  interactions  between  current 
dioxin  and  time  under  both  assumptions  were  the  same  as  in  the  adjusted  analysis. 

In  the  longitudinal  analyses  of  self-perception  of  health,  the  current  dioxin-by-time 
interactions  were  nonsignificant.  However,  significant  posidve  associadons  between  current 
dioxin  and  the  f)crcentage  of  Ranch  Hands  having  an  abnormal  self-perception  of  health  in 
1987  wens  present  for  both  the  minimal  and  maximal  assumptions  (p=0.036  and  p=0.003). 

No  significant  results  were  detected  in  the  longitudinal  analyses  of  sedimentadon  rate. 


Model  3;  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  percent  body  fat  using  the  four  current  dioxin  categories, 
the  overall  contrasts  were  significant  (Table  6-14,  continuous  and  discrete,  p<0.001).  For 
percent  body  fat,  the  unknown  versus  background  contrast  was  significant  with  background 
being  higher  than  unknown  (pO.OOl).  In  addition,  the  high  category  exceeded  background 
significantly  for  continuous  percent  body  fat  (p<0.(X).')  and  marginally  for  discrete  percent 
body  fat 

For  both  continuous  and  discrete  sedimentation  rate,  the  overall  unadjusted  contrast 
was  significant  (p=0.002  and  p^.003,  respectively).  For  the  contrasts  using  continuous 
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sedimentation  rate,  the  unknown  versus  background  contrast  was  significant  (p=0.025)  with 
the  background  category  excectling  the  unknown  category.  Both  the  low  versus  background 
contrast  and  the  high  versus  background  contrast  were  marginally  significant  with  the  high 
and  low  categories  having  higher  mean  sedimentadon  rates  than  background.  For  the 
discrete  form  of  sedimentadon  rate,  the  low  versus  background  and  high  versus  background 
contrasts  were  significant  (p=0.018  and  p=0.{X)l,  rcspccdvely)  with  both  contrasts  having 
estimated  relative  risks  above  2. 

The  unadjusted  analyses  of  self-perception  of  health,  appearance  of  illness  or  distress 
at  the  physical  examination,  and  relative  age  exhibited  nonsignificant  differences  among  the 
four  current  dioxin  categories. 

In  the  adjusted  analysis  of  percent  body  fat,  the  overall  contrast  of  the  four  current 
dioxin  categories  was  significant  (p<0.001)  for  both  the  continuous  and  the  disciete  measure. 
The  contrast  for  Ranch  Hands  of  the  unknown  current  dioxLn  category  versus  Comparisons  of 
tlje  background  current  dioxin  category  was  significant  with  the  Comparisons  being  higher 
(p<0.001  for  both  continuous  and  discrete).  In  the  analysis  of  percent  body  fat  as  a 
continuous  variable.  Ranch  Hands  in  the  high  category  significantly  exceeded  the  background 
category  of  Comparisons  (p<0.001).  The  coiresponding  adjusted  relative  risk  for  discrete 
percent  body  fat  was  positive  and  marginally  significant. 

For  sedimentation  rate  in  continuous  form,  the  adjusted  analysis  contained  a  significant 
interaction  between  categorized  current  dioxin  and  age.  The  interaction  was  investigated  for 
study  participants  bom  in  or  after  1942  and  those  bom  prior  to  1942.  The  younger  and  older 
groups  displayed  significant  overall  contrasts  (p®0.009  and  p<0.001,  respectively).  For  the 
younger  participants,  the  unknown  venus  background  contrast  was  marginally  significant 
with  the  background  category  having  the  higher  adjusted  mean  sedimentation  rate,  and  the 
low  versus  background  contrast  was  significant  with  the  Ranch  Hands  in  the  low  category 
having  the  higher  adjusted  mean  sedimentation  rate.  For  the  older  participants,  the  unknown 
versus  background  contrast  was  significant  with  background  havL  g  the  higher  adjusted  mean 
sedimentauon  rate,  and  the  high  versus  background  contrast  was  also  significant  with  the 
Ranch  Hands  in  the  high  category  having  the  higher  adjusted  mean.  A  followup  adjusted 
analysis  of  sedimentation  rate  without  the  interaction  was  performed.  The  an^ysis  displayed 
a  significant  overall  contrast  (p<0.001),  a  significant  unknown  versus  background  contrast 
(p=0.007),  a  marginally  significant  low  versus  background  contrast,  and  a  significant  high 
versus  background  contrast  (p=0.004).  For  the  last  two  contrasts,  the  adjusted 
sedimentation  rate  means  of  the  Ranch  Hands  exceeded  the  background  Comparison  group. 
For  the  unknown  versus  background  contrast.  Ranch  Hands  in  the  unknown  category  had  a 
lower  adjusted  mean  sedimentation  rate.  For  the  adjusted  analysis  of  sedimentation  rate  as 
a  discrete  variable,  the  overall  contrast  of  the  four  ctarent  dioxin  categories  was  significant 
(p<0.001),  as  was  the  low  versus  background  contrast  (p=0.015),  and  the  high  versus 
background  contrast  (p<0.001).  These  contrasts  had  adjusted  relative  risks  above  2  and  3, 
respectively. 

For  relative  age  and  self-peiccption  of  health,  the  adjusted  analyses  were  not 
significant  For  the  appearance  of  illness  or  distress  at  the  physical  examination,  there  was  a 
significant  interaction  between  categorized  current  dioxin  and  age.  Investigation  of  the 
interaction  for  younger  and  older  study  participants  failed  to  display  a  significant  overall 


contrast  A  followup  adjusted  model  without  the  interaction  with  age  exhibited  no  significant 
differences. 

In  the  longitudinal  analysis  of  self-perception  of  healtii,  the  pcrcc..;agcs  of  pai'v'ipants 
who  reported  fair  or  poor  health  in  1987  differeo  significantly  among  ths.  curreni  /iox:.  . 
categories  (p=0.022),  specifically  between  the  high  and  background  caicgnrie.i  (.1-0.070). 
The  longitudinal  analysis  of  sedimentation  rate  also  demonstrated  a  significant  Jit.  irence  in 
the  percentages  of  abnormal  rates  in  1987  among  the  current  dioxin  categoric i;  -0.010). 
The  low  and  high  current  dioxin  categories  had  higher  percentages  than  the  b  it.  .'.ground 
category  (p=0.033  and  p=0.002,  respectively). 

CONCLUSION 

In  general,  percent  body  fat  and  sedimentation  rate  exhibited  significant  positive 
associations  with  initial  dioxin.  The  other  variables  exhibited  positive  but  nonsignificant 
associations  with  initial  dioxin.  The  unadjusted  and  adjusted  analyses  of  relative  age 
exhibited  significant  interactions  between  current  dioxin  and  time  since  tour.  For  Ranch 
Hands  with  18.6  years  or  less  since  tour,  the  associations  between  relative  age  and  current 
dioxin  were  positive  and  at  least  marginally  significant  for  each  analysis  type  and 
assumption.  For  the  other  variables,  the  current  dioxin-by-time  aniyses  generally 
displayed  nonsignificant  but  positive  associations  with  current  dioxin.  In  general,  the 
un^justed  and  adjusted  analyses  for  the  four  current  dioxin  categories  exhibited  overall 
significant  contrasts  for  percent  body  fat  and  sedimentation  rate  and  the  high  versus 
background  contrast  and  the  low  versus  background  contrast  were  significant  with  the  Ranch 
Hands  exceeding  Comparisons.  The  percent  body  fat  results  for  the  four  current  dioxin 
categories  appear  to  display  an  increasing  association  with  dioxin  within  the  Ranch  Hands 
(i.e.,  unknown,  low,  and  high  categories);  however,  the  background  category  for  Comparisons 
exceeds  the  unknown  category  for  Ranch  Hands. 

The  longitudinal  analyses  of  self-perception  of  health  demonstrated  significant  positive 
associations  with  initial  dioxin  and  current  dioxin.  However,  the  percentage  of  participants 
who  reported  fair  or  poor  health  decreased  by  more  than  50  percent  from  1982  to  1987.  In  the 
longitudinal  analyses  of  sedimentation  rate,  the  percentages  of  abnormalities  in  1987  differed 
significantly  among  the  current  dioxin  categories. 

In  summary,  with  the  exception  of  the  sedimentation  rate,  the  data  analyzed  in  the 
current  section  failed  to  reveal  any  health  detriment  consequent  to  herbicide  exposure  or  to 
the  curreni  body  burden  of  dioxin. 
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CHAPTER  6 
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